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PREFATORY NOTE. 



The popular demand for a complete series of the Annual Eeports of 
the United States Geological Survey of the Territories under my 
charge has been so great that the Secretary of the Interior has ordered 
the printing of a second edition of the first, second, and third annual 
reports in one volume. The survey in its present form commenced 
in the spring of 1867, with a small appropriation of $5,000 made by 
Congress for the examination of Nebraska ; in 1868 it was continued in 
the Territory of Wyoming with a similar sum of $5,000 ; in 1869 it was 
extended to Colorado and 2^ew Mexico, with an increased appropriation 
of $10,000. During the years 1867 and 1868 the survey was conducted 
under the General Land-Office, and the first and second annual reports 
were included in the reports of the Commissioner. Early in 1869 the 
survey was placed by Congress under the Secretary of the Interior, and 
the third annual report was published as an independent volume.^ 
These reports are now entirely out of print. — " 

Although they were written in the field and forwarded to Washington 
in detached portions, and, in the case of the first and second reports, 
printed without the supervision of the writer, I have thought it best to 
make no alterations or additions in the present reprint, but to let the 
reports continue to mark the steps of progress of the survey from year 
to year. 

In the spring of 1870 I presented before the Committee on Appro- 
priations of the House of Kepresentatives a plan for the geological and 
geographical exploration of the Territories of the United States. Thif^ 
plan looked forward to the gradual preparation of a series of geo- 
graphical and geological maps on a uniform scale, embracing each of 
the Territories in accordance with the boundary-lines. In this way 
these maps would become of great practical as well as scientific value 
to each of the Territories examined. In accordance with this plan, 
maps of Kansas, Nebraska, Dakota, Montana, Idaho, Utah, Wyoming, 
Colorado, and New Mexico are in an advanced state of preparation. As 
soon as the details of the geology are more fully worked out, these 
maps will be issued. 

F. V. HAYDEN, 

United States Oeologist 

Washington, May^ 1873. 
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Nebraska City, July 1, 1867/ ,,. 

Sir : I take the first opportunity which has presented itself to nie tt>* ,\ 
report to you the progress of my explorations. During the month of '!•"'« 
June I have examined, with considerable care, the counties of Douglas, ' / - 
Sarpy, Cass, Otoe, and Lancaster, and will leave tomorrow to examine 
the counties of Nemaha and Richardson, returning northward through 
Pawnee, Johnson, and Lancaster Counties to the northern part of the 
State, returning again southward, as far as time will permit, through 
the third tier of counties. These three tiers of counties will comprise 
most of the settled portions of the State. 

I have already accumulated much interesting information, although 
DO striking discoveries have been made. There are few, if any, important 
minerals in the State, but our collections of Carboniferous fossils are 
very extensive. We shall secure, in the course of the year, most 
abundant material to illustrate the geology of the State. We have made 
most earnest search for coal. This question seems to be one which now 
excites the attention of the people more than any other, and they are 
earnestly asking for a solution of the problem. 

By my direction Mr. Meek passed across the State of Iowa to !N*e- 
braska City, with Dr. C. A. White, State geologist, and they succeeded 
in tracing the Coal-Measure rocks from Des Moines to Nebraska City, 
and the conclusion they arrived at was, that the workable beds of coal 
in Iowa occur in the Lower Coal-Measures, and that those beds would be 
found by boring from 300 to 500 feet below the water level of the Mis- 
souri at Nebraska City. All the facts that we have so far secured 
in our subsequent examinations seem to confirm that conclusion. It 
may so happen that the limestones and clays increase in thickness in 
their westward extension, and in Nebraska it may be necessary to bore 
600 or 800 feet before reaching a workable bed of coal. Even at that 
depth a good bed of coal would be profitable. In England- coal has 
been mined 1,800 feet beneath the surface, and there are numerous pits 
from 800 to 1,200 feet in depth. 

We shall give this question of coal our earnest attention as we pro- 
ceed southward. I inclose a section of an artesian boring made at 
Omaha by the Union Pacific Eailroad Company, near 400 feet ; also a 
second section made by Mr. Croxton at Nebraska City. The observations 
made by the parties engaged in the boring were not made with that 
positive accuracy that I could have desired, still I have put their notes 
into such a foriii by means of colors, in accordance with your instruc- 
tions, that you will readily understand the character of the beds for a 
great depth beneath the surface of the two localities. 

I shall forward to you all the sections of this kind which I can secure. 
Mr. J. Sterling Morton has sunk a shaft on his farm 100 feet in depth, 
without success. I have advised boring hereafter^ and to save expense^ 
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to continue Mr. Crplt'on's boring, which is already 400 feet deep, to a 
depth of 800 feetf if necessary, so as to settle a vexed question one way 
or the other. Setieral thin beds, fifteen to eighteen inches thick, of coal 
have been foiind iii various parts of the State, and these beds have been 
wrought wiljh'soine profit. 

The rcsjjlt&**of our examinations north of the Platte were that the 
limestone^ '&f the Upper Coal-Measures pass from sight beneath the 
water- level" of the Missouri at De Soto, and are then succeeded by sand- 
stones cff.a Cretaceous age ; that these Coal-Measure limestones occupy 
about' •two-thirds of Douglas County ; that no coal-beds of workable 
chcl«{i]Cter can be found in this country at a less depth than from 800 to 
l5(fcO'feet beneath the water-level of the Missouri. Limestone of good 
•^c^aiity for economical purposes generally is found at Omaha, and all 
/.^ ijVer Sarpy County. On both sides of the Platte River as high up as the 
••viilkhorn are excellent quarries of limestone. There is one ledge of lime- 
\^ 'stone on the Platte about four feet in thickness, very compact and du- 
rable, which fully satisfied the wishes of Mr. J. L. Williams, one of the 
commissioners for accepting the Union Pacific Eailroad, and he in- 
formed me that its discovery would settle the location of the great rail- 
road-bridge across the Missouri. One singular geological phenomenon 
occurs which I have not before observed in any part of the West. The 
surface of this rock, where the superincumbent drift is removed, has 
been planed so smoothly by glacial action that it will make most ex- 
cellent material for caps and sills without further working. Sometimes 
there are deep grooves and scratchings, all of which have a flirection 
nearly northwest and southeast. This glacial action is also seen at 
Plattsmouth, and the evidence is that if the superficial deposits were 
stripped off, a large area of the upper surface of the limestones would 
appear to be planed in this way. This is an exceedingly important 
geological discovery. At various points I found potters' clay in abun- 
dance. A factory for making potters' ware is about to be established at 
Nebraska City. At Plattsmouth, Rock Bluff, and Nebraska City there 
is a bed of this clay about fifteen feet in thickness, of various colors, 
mostly red, colored with the sesquioxide of iron. This clay is not only 
most excellent for potters' use, but it is employed in Iowa as a paint, and 
by a judicious mixture of the different colored clays any shade desira- 
ble may be produced. This is a matter of some interest to the people. 
Numerous beds of sand occur also, which are of much value for building 
purposes. 

With the sand and the yellow marl, the materials for making brick 
are without limit in this State. 

THE SALT BASINS OF LANCASTER COUNTY. 

I returned last evening from a tour of five days to the salt-basins in 
Lancaster County, about fifty mUes west of Nebraska City. It has 
been determined by the State to locate the capital near these basins, 
and therefore the examination of them and the country in the vicinity 
became a matter of some importance. The basins and scattering springs 
occupy a large area several miles in extent, but the main basin is located 
near the town of Lancaster. These basins are depressions in the sur- 
face nearly destitute of vegetation, and the white incrustations of salt 
give the surface the appearance in the distance of a sheet of water. 
The Great Basin, as it is called, is situated about one mile from Lancas- 
ter, township 10, range 6, section 22, and covers an area of about four 
hundred acres. The brine issues from a large number of places all over 
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the surface, but in small quantities. All the salt water that comes to 
surface from this basin unites in one stream, and we estimated the en- 
tire amount of water that flowed from this basin at from six to eight gal- 
lons per minute. The second salt-basin lies between Oak and Salt Creek 
and covers an area of two hundred acres. The third basin is on Little 
Salt Creek, called Kenosha Basin, aud covers two hundred acres. Nu- 
merous small basins occur on Middle Creek, which occupy in all about six 
hundred acres. Between Middle and Salt Creeksare several small basins, 
covering forty or fifty acres. From the surface of all these basins more 
or less springs ooze out.' In former years great quantities of salt have 
been taken from the surface and carried awa;y. During the war as 
many as sixty families at a time have been located about these basins 
employed in securing the salt. 

Besides the numerous basins above mentioned, Salt Creek, Hayes's 
Branch, Middle Creek, Oak and Little Salt Creeks have each a dozen 
springs coming out near the water's edge. One spring on Salt Creek 
issues from a sand-rock, and gushes forth with a stream as large as a 
man's arm, at the rate of four gallons a minute. 

This is the largest spring known in the State. The geological forma- 
tions in the vicinity are of the Upper Carboniferous and Lower Creta- 
ceous age. The salt-springs undoubtedly come up from a great depth, 
probably from the Upper Carboniferous rocks, and are the same in their 
history and character as those *in Kansas. The Cretaceous sandstones 
occupy the hills and high ground, but do not go deep beneath the water- 
level of the little streams. We settled an important point for the citi- 
zens in this county, that no coal-beds of workable value can possibly 
be found at a less depth than 1,000 to 1,500 feet beneath the surface, 
which renders further search for this mineral useless. 

Much time and money has already been spent prospecting and dig- 
ging for coal in this region, and the almost entire absence of timber 
would render the presence of coal here a matter of vital importance. I 
would be glad to find a workable bed of coal for the good people, but it 
cannot be. The farmers must plant trees, and in a few years the de- 
mand for fuel will be supplied. Two methods have been used to some 
extent in this region in preparing the salt — boiling and evaporation. 
The only method which can be employed profitably in this country, 
where fuel is so scarce, is solar eva[)oratiou, aud this can be carried on 
more effectually than in any State east of Nebraska. The unusual dry- 
ness of the atmosphere, the comparatively few moist or cloudy days, 
the fine wind which is ever blowing, will render evaporation easy. The 
surface indications do not lead me to believe that Nebraska will ever be 
a noted salt region. It seems to me that if all the brine that issues from 
all the basins and isolated springs were united in one they would not 
furnish more than brine enough to keep one good company employed. 

What will be the result of boring can be determined only by actual 
experiment. Some large springs may yet be found in that way, but I 
saw no brine that was much stronger than ocean- water. I will forward 
specimens of the salt and two bottles of the brine, which ought to be 
carefully analyzed. I shall collect more of the brine at a later and 
more favorable season. The rains have been so frequent this spring that 
it is much diluted with rain-water. The Nebraska Salt Company made, 
from July to November, 1866, 60,000 pounds of salt. Another company, 
at work at the same time, made about the same amount. Good working 
days 6,000 pounds have been made in a day. The kettles used for boil- 
ing are very rude steam-boilers split into two parts. In a vat 12 by 24 
feet average evaporation was 125 to 130 pounds per day. An extra day 
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was 250 pounds. I tbink it not improbable that a company with a large 
capital, and employing all the improved methods of manufacturing the 
salt, would succeed. The salt is said to be good, though not as strong 
as the common salt of commerce. 

The best building-stone yet observed in the State occurs in the south- 
ern portion of Lancaster County. The quarries have been opened, and 
several fine houses built of the stone. The rocks are of the Permo-Car- 
bohiferous, or Upper Carboniferous age, and are usually called magnesian 
limestones 5 are very durable, easily wrought, and make most beautiful 
building material. There is also plenty of potters' clay, sand, and all 
the materials for the manufacture of brick without limit. 

« 

THE CULTIVATION OF FRUIT AND FOREST TREES. 

I think a sufficient number of experiments have already been made in 
this western country to show clearly that the forests may be restoreil 
to these almost treeless prairies in a comparatively short period of time. 
There are certain trees which are indigenous to the country, and which 
grow with great rapidity under the influence of cultivation. I have 
given special attention to this matter, in accordance with your instruc- 
tion, and shall continue to do so throughout the period of the survey. 
About four miles west of Ohama City Mf. Griffin, an intelligent farmer, 
has planted about forty acres of forest-trees, which are now in a fine 
condition of growth. I have obtained as many measurements as possi- 
ble, in order that my statements might have their proper weight. The 
common cotton- wood of the countrj^ grows everywhere finely, on upland 
or lowland. I would remark here that Mr. Griffin's experiment is ren- 
dered, more emphatic from the fact that he chose one of the highest points 
in the vicinity ot Omaha, 600 feet above the water-line of the Missouri 
Eiver. 

The soil is the usual yellow siliceous marl of this region, which is re- 
garded by Lyell and other geologists as the American equivalent of the 
Loess of the Ehine, which is so well adapted to the culture of the grape. 
The indigenous trees of the country all do well, as might be expected, 
and many others which have never been found in the West grow rapidly 
and healthfully. The trees most in cultivation are the indigenous ones, 
as the cotton-wood, fPopuhis moniliferajj soft maple, fAcer rubrumj elm, 
f UlmnsamericanaJ bass-wood, or linden, fTiliaamericanaJ black- walnut, 
(Jvglans nigra J honey -locust, ( Gleditscliia tricanthusj and several vari- 
eties of willows. 

At Mr. Griffin's farm I found cotton-wood trees, ten years' growth, 
with a circumference of 2 feet 11 inches, 30 feet high; seven years' 
growth, with a circumference of 2 feet; seven years' growth, with a cir- 
cumference of 2 feet 6 inches ; soft maple, ten years' growth, with a cir- 
cumference of 2 feet 8 inches ; soft maple, seven years' growth, with a 
circumference of 1 foot 10 inches ; soft maple, seven years' growth, with 
a circumference of 2 feet 1 inch, 15 feet high ; common locust, ten years' 
growth, with a circumference of 2 feet, 15 feet high; honey-locust, ten 
years' growth, 1 foot 8 inches ; black-walnut, ten years' growth, with a 
circumference of 12 inches, 15 feet high; black-walnut, ten years' growth, 
with a circumference of 13 inches, 15 feet high. 

At Dr. Enos Lowe's place, nearOmaha, about 300 feet above the water- 
lineof the Missouri, cotton-wood trees, ten years' growth, circumference 2 
feet 6 inches, 40 feet high ; cotton-wood trees, ten years' growth, circum- 
ference 2 feet 4J inches, 25 feet high ; cotton- wood trees, ten years' growth, 
circumference 2 feet 5 inches ; cotton-wood trees, ten years' growth, 
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circumference 2 feet 4 inches ; cotton- wood trees, ten years' growth, cir- 
cnmference 2 feet 9 inches^ cotton-wood trees, ten years' growth, circum- 
ference 2 feet 10 inches ; common locust, ten years' growth, circumference 
2 feet, 1 foot 10 inches, 1 foot 9 inches, 1 foot 10 inches, 2 feet, 2 feet 1 
inch, 2 feet, 1 foot 10 inches, 2 feet 5 inches, 1 foot lOJ inches ; soft 
maple, seven years old, circumference 8 inches ; box-elder, ten years old, 
circumference 2 feet 2 inches ; apple-trees, ten years' growth, circum- 
ference 1 foot 3 inches, 1 foot 1 inch, 1 foot 2 inches, 1 foot 1 inch ; twelve 
years' growth, 1 foot 6 inches, i foot 3 inches, 1 foot 6J inches, 1 foot 6 
inches; common red-cherry trees, ten years' growth, circumference 12 
inches; silver-poplar shade-trees, seven years' growth, circumference 2 
feet 4 inches. 

Dr. Lowe's garden shows a most healthy and vigorous growth of the 
smaller fruits, and he has raised successfully out of doors the following 
vines: Hartford Prolific, Catawba, Clinton, Delaware, 'and Concord. 
These vines are loaded with young fruit at this time. Pears, apples, and 
cherries abundant; peaches plentiful, but I do not think tbey will en- 
dure the climate. Dr. Lowe has the following evergreens, which are 
growing finely: Scotch pine, Austrian, Russian, white pine, spruce, 
balsam-fir, white cedar, or arbor-vitse, and red cedar. 

Near the mouth of the Platte Eev. J. G. Miller raises successfully the 
Diana grape. Lombardy-poplars grow well; four years old, 20 feet high, 
2 to 5 incbes in diameter. Cotton- wood, four years old, circumference 18 
inches, and 20 feet high. 

Mr. Miller's place is one of the most highly cultivated in the State. 
He has twenty-five apricot-trees, raised from the seed, whiclj are now 
loaded with fruit ; English red raspberries, blackberries, &c.j all bearing 
thriftily. 

At Rev. Mr. Hamilton's, Bellevue, Sarpy County, I saw most of the 
smaller fruits in a high state of cultivation, as strawberries, bfackberries, 
raspberries, currants, gooseberries, &c., and I am convinced that none 
finer could be produced in any country. 

On Mr. J. Sterling Morton's farm, near Nebraska City, I observed a 
cotton-wood tree that had grown from the seed in ten years to a height 
of 50 feet, with a circumference of 4 feet. 

About ten miles south of Plattsmouth there is a fine grove of trees 
upon a high elevation, composed of cotton-woods, maples, locusts, and 
black-walnuts. Those of ten years' growth are from 8 to 10 inches in 
diameter, and 10 to 30 feet high. The black-walnut trees may be raised 
from the seed with ease, and though of slower growth than the others, 
are very valuable from the fact that the astringent, pungent bark forms 
their defense, not only against cattle, but the gopher, the most destruc- 
tive of the wild animals. The gopher gnaws off the roots of some of the 
most valuable trees, and is a source of great annoyance to the farmer. 
The native or honey locust is not disturbed by the boring-insect, which 
is destroying the common locust. The borer sometimes attacks the 
cotton-woods. 

I have said enough to show already that most of the hardy northern 
trees may be cultivated on these western plains with entire success. The 
cnltivated forest will prove much more desirable than those of natural 
growth, and their arrangements may be made as beautiful as the taste of 
the proprietor may dictate. The greater portion of the more intelligent 
and thrifty farmers are planting forests to greater or less extent. This 
is done so easily that there is no excuse for a farmer to be destitute of 
fuel after a few years. Nearly all the common forest-trees can be raised 
from the seed as easily as corn or beans. As soon as it is under&tAQ^ 
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that coal is restricted to a small portion of the State, even if it occur at 
all, every one will adopt the plan of raising his own fuel. So far as the 
cultivation of the smaller iruits is concerned, I am convinced that Ne- 
braska will not be surpassed by any other State in the Union. The 
climate seems to be severe for peaches, though Mr. Morton will have 
thirty or forty bushels this season. The dwarf fruits seem to do best. 
A row of forest-trees around the gardens and orchards proves a great pro- 
tection from strong winds and cold in winter. The Osage orange is used 
very successfully all over the State for hedges. 

I have dwelt on this subject here^ from the fact that it is a popular 
notion at the East that trees cannot be made to grow successfully on the 
western prairies, and especially that the climate and soil are unfavora- 
ble to the cultivation of the fruits. I held that opinion until within two 
years, but I now believe that, within thirty to fifty years, forest- trees 
may be grown large enough for all economical purposes. 

Mr. Griften, in ten years' time, is able to supply his own fuel from the 
limbs and dead trees which would otherwise go to decay, and within four 
or live years he will have fuel for sale^ 

I will endeavor hereafter to report the results of my labors to you 
weekly. If you wish to have me elaborate any special point more fully, 
please give me instructions to that effect. 

The great pest of this country appears to be the grasshopper. This 
year it seems to be restricted in its distribution. I did not observe any 
north of the Platte, and very few north of Nebraska City. But at the 
latter place, and for four or five miles around it, the grasshopper is very 
abundant and destructive. Mr. Gilmore, one of the wealthiest farmers 
in the State, has lost seventy acres of wheat and sixty five acres of 
dlover and timothy-grass by the grasshopper, {Caloptemis spretus.) 
Many other crops have been injured ; others hav^e suffered in this vicinity. 
I am making a collection of them of different ages, and intend to in- 
vestigate their nature and habits with great care. 

I hope to be at Brownsville, Nemaha County, in a few days, and 
from that point will report on Otoe County. 

OTOE AND NEMAHA COUNTIES. 

Otoe is one of the most fertile and thickly settled of the counties of 
Nebraska. The fertility of the soil is shown by the' richness and abun- 
danjje of the crops, which are remarkably fine. The winters are so severe 
and the snow so thin that winter-wheat will not do well, and spring- 
wheat is raised altogether, and is grown most successfully in ordinary 
seasons. Thirty and forty bushels to the acre is not an uncommon yield 
throughout the State, and last autumn Nebraska wheat brought from 
ten to fifteen cents more per bushel in the market at Saint Louis than 
wheat from any other portion of the West. 

The great fertility of the soil in the river counties of Nebraska is 
mainly due to the beds of siliceous marl which oover those counties to a 
greater or less depth. This is usually called Loess, from a similar for- 
mation which occurs along the Rhine, in Germany. 

The sections which I inclose to you from time to time will reveal the 
prospect of workable beds of coal in the State, so far as the surface ex- 
posures are concerned. One outcrop at Nebraska City has been wrought 
by drifting in a distance of three hundred yards, and several thousand 
bushels of pretty good coal have been taken therefrom. The seam was 
about eight inches in thickness. On account of the scarcity of fuel iu 
this region this thin seam has been made somewhat profitable. At Otoe 
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City, eight miles below Nebraska City, the lithological character of the 
beds seems to change, so that we have red shales and clays passing up 
into soft, yellow sandstones, with comparatively little rock useful for 
building purposes. There is here also a bed of slate and coal about 
eight inches in thickness, which has been wrought to some extent, and 
the coal used in a blacksmith's shop. Still higher up in the bank is 
another thin bed of black Carboniferous shale, which has been worked 
to some extent. 

At Peru, about six or eight miles further south, there is another com- 
plete lithological change in the beds exposed. The blafis along the 
Missouri seemed to be formed of irregular beds of soft sandstone and 
laminated arenaceous clays. High up in the hills, at some distance from 
the river, there is a bed of limestone, twelve to eighteen inches in thick- 
ness, which is quarried extensively and profitably. On the Missouri bot- 
tom, about on a level with high-water mark, a well was dug sixteen feet 
in depth ; a seam of coal was penetrated, which is represented as four 
inches thick on one side of the well and about ten on the other. These 
beds in the vicinity change rapidly, both in thickness and texture, within 
very short distances. Again, at Brownsville there is a seam of coal 
accompanied by many of the plants which are peculiar to the Carbonif- 
erous rocks in other States. There are from four to six inches of good 
coal 5 the whole bed of black shale and coal is about twelve inches in 
thickness. There is a fine quarry of limestone at this point, which is of 
very superior quality for building purposes, but there is too much sand 
and clay in it to be converted into a good quality of lime. The bed is 
about three feet in thickness near the water's edge, concealed by high 
water at this time. There is a bed of micaceous fine-grained sandstone, 
which cleaves naturally into most excellent flag-stones, which are much 
used here. These rock-quarries are of great value to the people of Ne- 
maha County. The materials for making brick abound everywhere in 
this region; clays, marl, and sands are abundant, and of excellent 
quality. 

Should the future prosperity of the country demand it, there are 
abundant materials for the manufacture of what is called in England, and 
recently brought into use in this country, " patent concrete stone." It 
is composed of small fragments of stone or sand reduced to a paste by 
a fluid silicate, then molding the material into any required form and 
dipping it into the chloHde of calcium. The little particles of sand are 
thus cemented together, and it is wonderful how rapidly this rock can 
be formed, and how durable it becomes. This is a matter which seems 
to me worthy of notice in the final report. 

Several kinds of peat occur in small quantities in Otoe and Nemaha 
Counties, which, as fuel, will rank next to coal. There are several 
marshes or boggy places about six miles west of Nebraska City, from 
which I have obtained some excellent specimens. On Long Branchy 
Franklin, in Nemaha County, twenty-four miles southwest of Browns- 
ville, there are spring-places where a pole may be thrust through the 
peat to the depth of ten or fifteen feet. About ten miles west are sev- 
eral other peat-bogs, which have attracted more or less attention. 

At Aspinwall, in Nemaha County, we discovered the most favorable 
exhibition of coal yet observed in the State. The general dip of the 
beds seems to be up the Missouri, or nearly north or northwest. It is 
difficult to determine this point with precision. The rocks at Aspinwall 
are all geologically at a lower horizon than the Nebraska City beds, and 
mostly beneath the Brownsville beds, so that the inclination must be 
considerable — eight or ten feet per mile. Two seams of coal are met 
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with at Aspiuwall : one crops out near the river, about fifteen feet above 
the water, twenty-four inches in thickness — very good quality, A few 
feet above this seam is a second seam — six inches of good coal. Some 
English miners are sinking a shaft here, with full confidence that the 
thickest bed can be made profitable, and I am inclined to think that, 
with the present scarcity of fuel, they will succeed well. Coal com- 
mands a ready sale at from forty cents to eighty cents per bushel ; and 
even at eighty cents a bushel, coal is cheaper than wood. The miners 
have already sunk the shaft about forty feet; have passed through the 
6-inch seam, and are confident of soon reaching the 24-inch bed, when 
the work of drifting in various directions will commence, and the coal 
be taken out lor market. The beds hold such a position here that, if the 
miners are successful, this effort determines the existence of a work- 
able bed of coal for Nemaha, Eichardson, Pawnee, and Johnson Coun- 
ties, which will be a most important matter for tlie whole State. We 
have very abundant notes in detail, and many specimens to illustrate 
the geology of the river counties. 

Mr. Meek leaves me at Eulo and returns to Washington. The remain- 
der of the year I must perform the field-work alone. My next examina- 
tions will be in Eichardson and Pawnee Counties. 

I am informed that excellent hydraulic lime for cement exists in 
Nemaha County, section 9, township 6, range 14; but I have not been 
able yet to make a personal examination of the locality. 

FOREST AND FRUIT TREES. 

I would again speak of the great importai^ce of planting trees in this 
country, and the great ease with which these cultivated forests may be 
produced. I do not believe that the prairies proper will ever become 
covered with timber except by artificial means. Since the surface of 
the country received its present geological configuration no trees have 
grown there, but, during the Tertiary period, when the lignite or "brown 
coal" beds were deposited, all these treeless plains were covered with a 
luxuriant growth of forest-trees like those of the Gulf States or South 
America. Here were palm-trees, with leaves having a spread of twelve 
feet; gigantic sycamores — several species; maples, poplars, cedars, 
hickories, cinnamon, fig, and many varieties now found only in tropical 
or sub-tropical climates. 

Large portions of the Upper Missouri country, especially along the 
Yellowstone Eiver, are now covered with silicified trunks of trees, sixty 
to seventy feet in length and two to four feet in diameter, exhibiting the 
annual rings of growth as perfectly as in our recent elms or maples. 
We are daily obtaining more and more evidence that these forests may 
be restored again to a certain extent, at least, and thus a belt or zone of 
country about five hundred miles in width east of the base of the mount- 
ains be redeemed. It is believed, also, that the planting of ten or fifteen 
acres of forest- trees on each quarter- section will have a most important 
effect on the climate, equalizing and increasing the moisture and adding 
greatly to the fertility of the soil. The settlement of the country and 
the increase of the timber have already changed for the better the climate 
of that portion of Nebraska lying along the Missouri, so that within 
the last twelve or fourteen years the rain has gradually increased in 
quantity and is more equally distributed through the year. I am confi- 
dent this change will continue to extend across the dry belt to the foot 
of the Eocky Mountains as the settlements extend and the forest-trees 
"re planted in proper quantities. In the final report I propose to show 
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that these ideas are not purely theoretical, and that the influence of trees 
on climate and humidity has been investigated by some of the ablest 
scientific men in this country and Europe. A French savant, M. Bous- 
singault, states that in the region comprised between the Bay of Gupica 
and the Gulf of Guayaquil, which is covered with immense forests, the 
rains are almost continual, and that the mean temperature of the humid 
country rises hardly to 80° Fahrenheit. The author of "Travels in 
Bulgaria'' says that in Malta rain has become rare since the forests have 
been cleared away to make room for the growth of cotton, and that, at 
the time of his visit, in October 1841, not a drop of rain had fallen for 
three years. The terrible droughts in Cape Verde Islands are attributed 
to the destruction of the forests. 

The wooded surface of the island of Saint Helena has extended consid- 
erably within a few years, and it is said that the rain is now double in 
quantity what it was during the residence of Napoleon. A German 
author remarks: "In wooded countries the atmosphere is generally 
humid, and rain and dew fertilize the soil. As the lightning-rod ab- 
stracts the electric fluid from the stormy sky, so the forest abstracts to 
itself the rain from the clouds, which in falling refreshes not it alone, 
but extends its benefits to the neighboring fields." 

The forest presenting a considerable surface for evaporation gives to 
its own soil and the adjacent ground an abundant and enlivening dew. 
Forests, in a word, exert in the interior of continents an influence like 
that of the sea on the climates of islands and of coasts ; both water tbe 
soil and thereby insure its fertility. Sir Jolm F. W. Herschel says that 
the influences unfavorable to rain are absence of vegetation, in warm 
climates, and especially- of trees. He considers this one of the reasons 
of the extreme aridity of Spain. Babinet, in his lectures, says : ^^A few 
years ago it never rained in Lower Egypt. The constant north winds, 
which altnost exclusively prevail there, passed without obstruction over 
a surface bare of vegetation ; but since the making of plantations an 
obstacle has been created which retards the current of air from the 
north. The air thus checked accumulates, dilutes, cools, and yields 
rain." 

I might cite many examples from the African deserts how the planting 
of palm-trees is redeeming those barren sands. 

Much might also be said in regard to the influence of woods in pro- 
tecting the soil and promoting the increase in number and the flow of 
springs, but all I wish is to show the possibility of the power of man to 
restore to these now treeless and almost rainless prairies the primitive 
forests and the humidity which accompanies them. 

The counties of Otoe, Nemaha, and Eichardson contain more timber- 
land than any other portion of the State, and the aggressive character 
of the patches of woodland can be seen everywhere. Hundreds of acres 
have been covered over with a fine healthy growth of hickory, walnut, 
oak, soft maple, coftee-bean, bass-wood, &c., within the past ten or twelve 
years, since the fires have been kept away and protection afforded the 
young trees by the settlements. 

In the more southern counties the success in planting trees and in 
raising fruits, especially the smaller kinds, is even more marked than 
north of the Platte. All kinds of garden-vegetables grow better in 
Nebraska than in any other region with which I am acquainted. The 
crops, when not injured by the grasshopper, are looking very fine at this 
time. The corn has escaped so far and is pressing forward with great 
rapidity. Up to the 1st of July I did not see any grasshoppers, except 
within a radius of four or five miles around Nebraska City. There they 
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Trere most abundant and destructive. July 2d and 3d they commenced 
their flight northward, filling the air as high as the eye could reach, 
looking much like flakes of snow. They have committed some depreda- 
tion in Sout! Nebraska, but more especially in Kansas. Whenever 
counties become more thickly settled and more densely wooded, so that 
the annual amount of moisture is more equally distributed over the 
year, this pest I believe will entirely disappear. 

I am informed that notwithstanding the grasshopper there will be at 
least half a crop of wheat. In Richardson County the harvesting of 
winter- wheat has commenced, (July 8th.) Last year it commenced June 
22d The corn looks finely everywhere. All the crops are late this 
season on account of the wet weather. 

RICHARDSON COUNTY. 

Richardson County is in ^ome respects the finest county in the State. 
It lies in the southeastern corner of the State and borders on the 
Missouri River, and forms the type of fertility of soil and climate. 
Being located near the fortieth parallel, the climate seems to favor the 
cultivation of all the hardy fruits and cereals. 

The surface is more rugged than many of the interior counties, partly 
on account of the extreme thickness of the superficial deposit of soft 
yellow marl and the numerous layers of limestone which crop out along 
the river-banks. The county is fully watered with ever-flowing streams 
and innumerable springs of the purest water. 

There is more woodland in this county than in any other I have ex- 
amined, and on this account the planters have neglected the planting of 
trees too much. I did not find the farms quite as well improved as in Ke- 
maha County, but the county is now becoming thickly settled by actual 
settlers, who are devoting themselves to the improvement of their farms 
and the raising of large crops. 

It is not an uncommon thing for a farmer to have growing 40 or 50 
acres of corn and about the same number of acres of wheat and oats, 
and not unfrequently as high as 100 or 200 of each. 

There is a ready market for all kinds of produce at the highest price. 
Although nearly all the settlers came into the country poor— many with- 
out any money at all — nearly all are becoming moderately rich, and 
every man with industry and prudence may become independent in a 
few years. This country may certainly be called the poor man's para- 
dise. There is scarcely a foot of land in the whole county that is not 
susceptible of cultivation. I have never known a region where there is 
so little waste land. The underlying rocks of the whole county belong 
to the age of the Upper Coal-Measures^ and are composed of alternate 
beds of limestones, sandstones, and clays of almost all color, textures, 
and compositions. There are several localities along the Missouri River 
and the larger streams where there are good natural exposures of the 
rocks, but, as a rule, the beds are concealed by the superficial covering 
of yellow marl or Loess, which gives the beautiful undulating outline to 
the surface, gentle slopes, with only now and then an exposure of the 
basis rocks. This aids in rendering the investigation of the geological 
structure of the county more complicated and diflficult. 

The river counties present better exposures of the rocks than any 
other counties in the State, and it is partly on this account that I have 
given them my first attention. Even these exposures are by no means 
good. 

In my last communication I spoke of the coal-seam at Aspinwall, !Ne- 
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maha County; that about 16 feet above the water-level of the Missouri 
a bed of coal 22 to 24 inches in thickness was observed cropping out 
from the bluff, and a few feet above this, in the same range of hills, was 
a second seam six inches in thickness. These beds do not appear again 
for considerable distance down the liver, until we come to Eulo, except 
at one or two localities near Saint Stephen's. At Arago I saw no out- 
croppings of coal at all, and could not hear that any had been observed, 
butthere are8omegoodquarrie8oflime8tone,bedsof clay,sands,&c. The 
next marked exhibition of coal is at Eulo and its neighborhood, about 
two miles above Eulo, on land belonging to Mr. S. F. Nuckolls, of Ne- 
braska City. At this locality Mr, N. has drifted into the bank 100 feet 
or more and taken thence over 200 bushels of coal, which has been used 
by blacksmiths with success. The outcrop was about 5 inches in thick- 
ness, but increased as the drift was extended in the bank to 11 inches, 
^nd again suddenly diminished to 1 inch of good coal, the remainder 
being composed of impurities or " muddy coal,'' as the miner called it. 
The coal which has been thus far taken from this mine sells readily for 
35 to 40 cents per bushel. The abrupt termination of the coal-seam, or 
" fault," is undoubtedly due to the sliding down toward the river of the 
superincumbent beds, a phenomenon which is very common everywhere 
along the Missouri. Still the irregularity of the thickness of this coal- 
seam is everywhere apparent, vibrating between 4 and 20 inches, thus 
alternating, exalting, and depressing the hopes and prospects of the 
miner. On the farm belonging to Mr. St. Louis, about IJ miles below 
Eulo, the same bed of coal has been worked with some success by drift- 
ing, and a considerable quantity of coal taken out. Mr. St. Louis un- 
wisely sunk a shaft at a higher point *on the hill, thinking to cut the 
coal-seam at a more favorable point, the expense attending it exhaust- 
ing his means at 45 feet. He sunk a drill, however, into the bed of coal 
and found it 12 feet below the position at the outcrop, showing an ex- 
tensive inclination of the beds from the river, or toward the west. 

This dip may be readily accounted for by the extensive erosion of the 
rock prior to the deposition of the yellow marl and drift deposits, which 
erosion has given rise to many perplexing local inclinations of strata. 
These local dips will not interfere with the miner so much further in the 
interior of the county. The thickness of the coal-bed at this locality is 
10 to 12 inches, increasing in one instance to 17 inches. On the Iowa 
reserve, along the Great Nemaha Eiver, the same bed again crops out 
in the ravines or banks of little streams, and has been wrought with 
some success, several hundred bushels of the coal having been taken out 
from time to time for several years past. The country along the Nemaha 
is quite rugged, or " rough," as it is termed by the settlers, owing to the 
several beds of sandstone, and the overlying or cap-rock of the coal-bed, 
which prevents the water from forming gentle slopes, as in the case of 
the more yielding clays or marl-beds. This bed of coal is probably the 
equivalent of the 2 foot bed seen at Aspinwall, while the upper 6-inch 
bed is not exposed at all. The rocks in contact with the coal are as 
follows : 

1st. Underlying the coal a bed of light-gray fireclay, full of fragments 
of plants, as fern-leaves, stems of rushes, calamites, &c., the same as 
occur in the underlying clays in Ohio and Illinois coalfields. Above 
the coal there is about 4 feet of very hard laminated or shaly clay, vary- 
ing from black to dark ash color, all of which must be removed with 
great labor before the bed of limestone, or cap-rock, as it is called, can 
aUbrd suitable protection to the miner as he drifts into the bank. Thus 
the small amount of coal is obtained with great labor, and it is only the 

2 H 
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great scarcity of fuel that will warrant any labor being expended dpon 
it at all. 

We passed over the almost treeless prairie from Rnlo to Falls City, 
the county-seat, about nine miles distant. Some beds of limestone crop 
out from the hills occasionally, bu* usually all the basis rocks are con- 
cealed from view, and the surface is gently and beautifully undulating. 
The fertility of the soil is everywhere shown by the luxuriance of the 
crops. Falls City is located upon high ground overlooking the valley 
of the ]S*emaha. There is not a native shrub or tree of any size growing 
within a mile of the town. Although the same coal-bearing b^s form 
the underlying basis rocks about Falls City, yet not an outcroppingof coal 
could be found in the vicinity. Some good quarries, however, were ex- 
amined. HaviDg heard that a boring had been made at Hiawatha, the 
county-seat of Brown County, Kansas, ten miles south of Falls City, I 
visited that place to ascertain the result. I was informed that a com- 
pany had bored near that place 240 feet without success, and that the 
project bad been abandoned ; and as the strata in all this region are 
very nearly horizontal, the same result would follow any attempt at 
boring at Falls City, to that depth at least. About nine miles south- 
east of Hiawatha, a bed of coal is worked with considerable success, and 
many hundred bushels of coal are taken out of the mines and sold annu- 
ally. Mr. Laycock, a lawyer at Hiawatha, informed me that during the 
past winter he used about one hundred and thirty bushels of coal, for 
which he paid 50 cents per bushel 5 and he found it cheaper than wood, 
even at that price. He spoke highly of its qualities as fuel. I am disposed 
to believe that it is the same bed seen along the Missouri, in Nemaha 
and Richardson Counties, although I did not examine it in person. 
Continuing our course westward to Salem, we observed no marked change 
in the country ; indeed, there is a remarkable uniformity in the charac- 
ter of the country over a large area. The changes that take place are 
usually the result of some change in the underlying geological forma- 
tions, and are, therefore, quite gradual. No outcroppings of coal could 
be found at Salem or vicinity, and it is quite possible that none will be 
found exposed to the surface in that portion of the county, except 
along the Missouri River. I am convinced, however, that boring at a 
moderate depth, at almost any point, would penetrate the thin bed seen 
at Rulo. The quarries of limestone, for building purposes, &c., are 
much finer at Salem than at any other point observed in the county. 
The town is located upon an elevation on the point of the wedge of land 
between the two forks of the Nemaha. Forming a part of the town-site 
is a high hill with two beds of limestone, both of which form large quar- 
ries, which yield an abundance of stone for all economical purposes. All 
along the Nemaha and its numerous branches are quite well- wooded 
tracts of land, which are held at a high price, though no portion of the 
county would be called well timbered in any of the States east of the 
Mississippi. 

BLUFF FORMATION. 

I have not unfrequently. alluded to a superficial deposit of yellow 
siliceous marl, occupying much of the country, and concealing the under- 
lying basis rocks, thus rendering the study of the details of the geology 
somewhat difficult. The geologist is dependent upon natural exposures 
of the basis rocks by streams, or by uplifts of the beds by internal vol- 
canic action, or by artificial excavations. Now, in a new country there 
«re very few artificial works, and all over the State of Nebraska the beds 
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of rock are horizontal or nearly so. Indeed, it is very seldom that the 
beds incline to such an extent as to be perceptible to the eye. That 
there is a general inclination of the beds to the west or northwest is 
evident, but it is very gradual. This yellow-marl deposit, or bluff forma- 
tion, as it was called in the geological report of the State of Missouri, is 
found largely developed in the valley of the Missouri, and extends from 
its mouth to the foot of the great bend above the mouth of White Eiver. 
This deposit was first noticed by Sir Charles Lyell in his visit to this 
country in descending the Mississippi many years ago, and he regarded 
it as the equivalent of the Loess of the Ehiue. It is called the '^ bluff 
formation,^ because it forms the picturesque hills or bluffs which are 
seen along the Missouri Eiver, especially on the Iowa side, between 
Council Bluffs and Sioux City. This deposit was accumulated just prior 
to the present period, after the surface had received its present outline 
by erosion, and after the great valley of the Missouri had been carved 
out. It would appear that one of the comi)aratively recent geological 
events was the settling back of the waters of the Gulf of Mexico by a 
depression of all this western country in such a way that there was a 
vast fresh-water lake, extending up the valleys of the larger streams for 
a considerable distance into the iuterior of the country, generally not 
more than from 50 to 130 miles. Its greatest thickness is along the 
Missouri Eiver, where it is sometimes seen in vertical exposures from 50 
to 150 feet in thickness. Sometimes the stratification is quite distinct ; 
but, as a rule, no lines of deposition are visible, showing that the mate- 
rials were brought down into the lake by the myriad little streams, and 
mingling with the waters of the lake settled to the bottom quietly like 
gently-falling snow. In the drift or gravel deposit underneath are abun- 
dant exhibitions of turbulent waters, but never in the yellow-marl beds. 
All of this marl is full of nutritious matter for vegetation, and it is proba- 
ble that it is to this deposit that the inexhaustible fertility of all the 
river counties of Nebraska may be attributed. 

Upon this marl rests the soil, which is usually darker colored, and is 
composed largely of humus arising from the annual decay of a luxuriant 
growth of vegetation. The soil on the upland is usually from twelve to 
eighteen inches thick, and along the bottoms of streams is sometimes 
ten to twenty feet in thickness. In the yellow-marl formation are found 
numerous shells, all identical with recent species, and most of them liv- 
ing in the vicinity. This shows the modern character of the deposit. 
There are also some bones of extinct animals, as the mastodon, elephant, 
a species of beaver of huge dimensions, and other animals, mingled with 
bones of species now living. Along the Missouri the bluff's formed by 
this deposit are very steep, and I have seen vegetation growing upon 
them when the sides had an inclination of fifty degrees. These hills, 
although furnishing good grass, cannot be devoted to the raising of the ce- 
reals 5 but, as the soil is chemically about the same as that of the Loess 
of the Ehine, which makes that valley one of the finest vine-growing 
countries of Europe, the same may be inferred of this region, and it is 
my belief that at some future period these marl- hills will produce some 
of the finest vineyards in America. ' 

Erratic blocks or bowlders are most abundant along the river, yet a 
few are found from time to time half buried beneath the surface. They 
reveal* the fact at once to one acquainted with the rocks of Nebraska 
that they are foreigners and werQ transported from Dakota, Minnesota, 
or the country bordering upon the Eocky Mountains. Many of them 
are red quartzite, comparatively little worn, but now and then are seen 
masses of the difterent varieties of granite, gneiss, hornblende, &c., which 
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remincl one of the rocks in the mountains. The red quartzite is the under- 
lying rock all over the north, and is the formation in which the red pipe- 
stone layer of the Indians is located. It is supposed by Professor James 
Hall to belong to the period of the Huronian systeip, so largely develoi)ed 
iibout Lake Superior and Canada. 

Fences are made mostly of wood and in the rude way, which indicates 
either great carelessness or want of timber, Wire fences seem to be the 
<}heapest and best, and are now coming into general use. Alongside of 
them may be planted the Osage-orange hedge, and by the time the wire 
fence begins to yield to decay, a good hedge, which will turn any stock, 
supplies its place and adds greatly to the beauty of the farm. Most of 
the energetic farmers appreciate this, and are setting out hedges ; but 
improvements of all kinds must be gradual, from the fact that nearly 
aU the settlers come into the State poor. I believe that in ten years 
from this time there will be some of the most beautiful farms in Nebraska 
to be found in the United States. I have urged the farmers to make use 
of the honey-locust, {Oleditschia tricanthus,) three- thorned locust, a native 
tree which grows finely, and may be so trained as to make an impene- 
trable hedge. When cultivated as a forest-tree it makes very handsome 
and durable timber for fence-posts, railroad-ties, &c. 

Tree-planting has received comparatively little attention in Eichard- 
son County, on account of the greater amount of native timber. Along 
the Missouri and most of the larger streams the wooded portions are 
extending themselves, so that the area is nearly doubled since the coun- 
try was first settled. Many groves of fine, healthy young trees, of oak, 
hickory, elm, cotton-wood, black-walnut, honey-locust, &c., are seen. Some 
persons are so sanguine as to believe that if the fires are kept out of the 
prairie the whole country will become covered with forest-trees in a few 
years 5 but that is certainly an impossibility, and the old Tertiary forests 
can be restored only by the hand of man. 

It is my belief that the subject of peat will soon attract the attention 
of the people of this State. But few persons seem to know what it is, 
or where it may be found. Their ideas of it are founded upon what they 
have read of the peat-bogs of Ireland, where it is composed mostly of a 
kind of moss, or "sphagnum.'' Peat is. really an accumulation of half- 
decomposed vegetable matter, formed in wet or swampy places, and may 
therefor be composed of any plants that are fond of growing in wet 
places. Underneath the water the vegetable matter, which is composied 
of the roots and stems of the weeds, grass, and rushes growing most 
abundantly in low places all over the West, undergoes a slow decompo- 
sition, or combustion, as it were, so that a sort of imperfect coal is formed, 
not subject to that pressure by which true coal is formed. In the State 
of Iowa, opposite Nebraska, I am informed that peat-beds are now worked 
with success. It is estimated that in Massachusetts alone there are 
120,000,000 cords of peat, and an organized company is now operating at 
Pittsfield, Massachusetts, making 100 tons of crude peat per day, which, 
when dry, makes 30 tons of fuel, ready for use. 

My attention has been directed to several valuable peat-beds in Otoe, 
Kemaha, and Kichardson Counties, and although the area covered by 
these wet places is not great in the State, yet I regard it as the most 
certain source of fuel to the people during the interval that must elapse 
before the artificial forests will have reached a suitable size to supply 
the country with timber. There is scarcely a township in the State that 
will not have a small quantity of peat, which ranks next to coal as fuel. 
At Falls City I observed some quite extensive beds ; also at Salem. 
TJiere are several kinds of peat, as hearthturf, grass- turf, leaf-turf, mud- 
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turf, pitch-turf, &c., and when the people of the State give this matter 
their serious attention, I have no doubt that various kinds will be found 
in a far more abundant supply than I have suspected from my observa- 
tions. When the annual fires sweep over these prairies, in the autumn, 
they not unfrequently burn down into the boggy places a foot or two. 
I shall hereafter make careful observations on this subject, and pre- 
serve specimens of the peat, from time to time, as opportunity presents. 

Building stone is found in moderate quantities all over the county, but 
it is by no means as well supplied as some of the more interior counties, 
especially the second tier from the Missouri. Still there is sufficient 
to supply the wants of the people, and suitable material for burning to 
lime. 

At Hiawatha, Kansas, a number of buildings are built of yellow lime- 
stone that is composed almost entirely of organic remains. It is a soft but 
very tenacious rock, and is easily wrought into good and durable building 
material. This bed undoubtedly forms one of the underlying rocks of 
this county, though I did not observe • it in my examinations. At 
Hiawatha an excellent cement is made from lime and sand, which, when 
dry, is as hard as the rock it cements. The materials for brick- 
making, &c., are everywhere without limit. There are a number of 
good mill-sites along the Nemaha ; probably all that are needed. 

The crops throughout the county are looking very fine, indeed. The 
grasshoppers have not disturbed the corn, and they have left a good 
half-crop for the farmers. The grass crop is unusually fine; the upland 
will cut 1 J to 2 tons to the acre, and the bottom 1 to 3 tons. 

I have but little time to elaborate these brief reports, merely seizing 
a little time now and then to write them hurriedly, but they will afford 
material which can be expanded into the final report. I hope they will 
at least furnish suitable material to be incorporated into the appendix 
of your annual report. • I shall be glad to get any suggestions that may 
present themselves to you from time to time. 

PAWNEE COUNTY. 

This county is equally fertile with Eichardson, the latter possessing 
only the geographical advantage of bordering on the great navigable 
river Missouri. Its surface is more rolling or undulating, the slopes are 
more gentle, and, to the eye, it is even more desirablefor farming purposes. 
Both counties are remarkably well watered and well drained by nature, 
so that there is hardly a foot of land in either that is not susceptible of 
cultivation. I cannot ascertain that one produces better crops than the 
other. Eichardson County may have more woodland than Pawnee, 
but the numerous branches of the North and South Nemaha, circulat- 
ing all over the county, render the land very attractive to the settler 
and speculator, who have absorbed, already, every acre of land in it. 

It is not irrelevant for me to state, in a report which is to convey in- 
formation in regard to a district of country and promote immigration, 
that the inhabitants of Pawnee County belong to a superior class, with 
respect to their industry and morals, and that there is not a locality in 
the county where ardent spirits are sold as a beverage. There was an 
attempt on the part of some person to establish a saloon at Pawnee 
City. The proprietor was at once waited upon by the ladies of the 
place and politely but firmly requested to leave the county within 
twenty-four hours. Of course the prosperity of this beautiful region is 
decided. Pawnee County lies directly west of Eichardson, forming one 
of the southern tier of counties. It is entirely underlaid by rocks of 
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the Upper Coal-Measures, which give a remarkable uniformity of char- 
acter to its surface. These rocks are composed of alteri^iate beds of 
clays, sandstones, and limestones, with some thin beds of coal. Al- 
though no seams of coal were observed in Eichardson County at any dis- 
tance from the Missouri Kiver, yet soon after reaching the limits of 
Pawnee County a bed of coal appears, which is creating some excite- 
ment among the people. It has not yet been observed along the Ne- 
maha Eiver itself, but on its small branches ; but I suppose the reason 
of this is the great erosion of the underlying rocks in the river valley, 
and the subsequent deposition of a vast thickness of alluvial material, 
effectually concealing all the outcroppings. The first locality where the 
coal appears is about fifteen miles west of Salem, on Turner's Branch, 
on school-section township 1, range 12, one and a half miles northeast 
of Frieze's mill. The following section of the beds is given in descend- 
ing order; 

4. Limestone, somewhat irregular in cleavage at top, but rather mas- 
sive at base, four to eight feet thick. 

3. Bluish-black indurated clay, some portion slaty, and filled with fos- 
sils, three to four feet thick. 

2. Bather pure coal, ten to sixteen inches thick. 

1. Yellow plaster clay, passing up into a hard blue clay, upon which 
the coal lies as if pressed down, twenty feet thick. 

No rocks below bed 1 are seen in this immediate vicinity. The coal 
seemed to be packed closely down on to the clay beneath, like masses of 
flat rock, as if it had been originally deposited there like a layer of clay 
or sand. The clay below is quite hard and filled with fragments of fern- 
leaves, stems of the rush-like calamites, like the clay underneath the 
coal-seams in Ohio or Pennsylvania. The under surface of the coal 
seems to be composed of stems, like grasses, as if the vegetable debris 
began upon a densely grass-covered surface. The vegetable impressions 
do not go down into the clay more than an inch or two, and above the 
seam, where the coal ceases, all traces of vegetable matter disappear 
and the clay is charged with a variety of molluscous remains. The clay 
above the coal is very hard, and yields with difficulty to the pick, and the 
coal is extracted with great labor. Several hundred bushels have been 
taken out and sold, and the bank of the creek reveals fifteen or twenty 
openings like that shown by.the illustration. This shows the coal-seam 
at the base, the bed of indurated clay above, which is generally three 
to four feet thick, all of which has to be removed, and the heavy-bedded 
limestone forms an excellent cap-rock above. At Frieze's mill, still 
farther on, this same bed of coal is again wrought with some success. 

On Mr. Boston's farm, township 1, range 12, section 34, several open- 
ings have been made; and here the coal-seam increases in thickness to 
sixteen inches. Mr. B. has taken out nine hundred bushels of coal here. 
He finds a ready market for it at the mine at thirty cents per bushel. 
This coal-seam averages a bushel of coal to a square" foot of surface. I 
have collected abundant specimens of this coal at different localities, 
and they will be properly investigated for the final report. 

This seam is also worked .on Lee's Branch and on Miner's Creek, so 
that it is now wrought, more or less, over an area of ten miles square, 
at least. The coal seems to have been worked with more system, in- 
dustry, and success than in any other portion of the State. 

Near Pawnee City there is another small seam of coal holding a higher 
geological position, which has attracted some attention. I made a care- 
ful examination of all the localities, and found it not more than four 
inches in thickness generally. On Mr. Jordan's farm, at the water-level 
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of Turkey Creek, a branch of South Nemaha, this seam increased to 
eight inches, but so impure and full of sulphuret of iron as to be quite 
unfit for use. 

A company has been organized at Pawnee City, called the Pawnee 
County Coal Company, with Governor Butler as president, with the 
object of searching for coal in this district. They had intended to com- 
mence boring last spring, but waited for my coming to advise them of 
the best locality to begin operations. I gave them the best information 
in my power, but I could not risk my reputation upon any positive 
statement in favor of the existence of coal at all in this region, or any 
workable bed in the State. 

There are some reasons in favor of the existence of a bed of coal in 
Nebraska, at a moderate depth beneath the surface, and there are others 
against it. I am inclined to the belief that the Coal-Measures of Ne- 
braska form a portion of the western rim of the great western coal-basin, * 
and that none but similar thin seams to those now cropping out along 
the Missouri River, and at other localities, will ever be found. But the 
exact truth can never be determined except by boring. At Pes Moines, 
in Iowa, about one hundred and seventy-five miles east of Nebraska 
City, a bed of coal six feet in thickness was penetrated at a depth of 
two hundred feet. 

Professor White, of the Iowa geological survey, and Mr. Meek, paleon- 
tologist of the Nebraska survey, traced the rock in which this bed of 
coal is located from Des Moines, across the State of Iowa, to Nebraska 
City. They made an estimate, by taking into account the general dip 
of the rocks west or northwest, that this same bed would be reached at 
from four hundred to six hundred feet beneath the surface at Nebraska 
City. 

According to a section given by Major Hawu of the Missouri coal- 
fields, there should be a 6-foot bed at a depth of five hundred or six 
hundred feet beneath the surface at Rulo, for the rocks rise from beneath 
quite rapidly in descending the Missouri. The reasons that cause me to 
hesitate to give positive encouragement are, the entire want of success 
in the borings made at Omaha and Nebraska City ; the failure, or only 
partial success, at Saint Joseph, Missouri, at Leavenworth City, and all 
over the northern part of Kansas, where the rocks hold a geological 
position several hundred feet lower than at either of the points men- 
tioned; the apparent thickening of the Coal-Measure rocks in their west- 
ward extension from Des Moines ; the fact, also, that Mr. Brodhead, a 
geologist and civil engineer connected with the Missouri survey, has 
published a detailed section of the rocks of Northern Missouri, opposite 
Nebraska, and finds about two thousand feet of Upper Coal-Measure 
beds, with only the thin seams of coal already mentioned ; also, that in 
these same Upper Coal-Measures, limestones are found thrown up by 
the Black Hills, and exposed fully all along the eastern slope of the 
Bocky Mountains, without the remotest indication, even by a slate-bed, 
of coal having existed in them. You will, therefore, readily see why I 
hesitate to give a positive opinion, and why I am inclined still again to 
express the opinion, given some years ago, that the State of Nebraska 
borders on the great western coal-basin. 

I have stated to the members of the Pawnee County Coal Company 
that a boring may be made eight hundred feet for about one thousand 
six hundred dollars, which Will settle the question, for that depth, for 
the whole county for all time to come. It would hardly be profitable to 
go any deeper, and the question would arise whether it would not be 
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cheaper to hasten the building of railroads and the transportation of 
fuel from Iowa or other neighboring States. 

Building-stone^ limestone, i&c.^ are very abundant all over Pawnee 
County. Thin beds, from six inches to two feet in thickness, crop out 
from the sides of the hills in many places, and almost every farm has a 
quarry. 

The best quarry yet worked is located on a farm belonging to Gov- 
ernor Butler, cropping out near the edge of the hill bordering a small 
stream, about eight miles west of Pawnee City. It is a soft, cream- 
colored limestone, full of small cavities caused by the decaying out of a 
small shell, " FusuUna cylindrical It is a true fusulina limestone, and 
is a great favorite with masons for building purposes. It is easily 
wrought in any desirable shape, is very tenacious in texture, and durable. 
It seems to hold a position about one hundred feet above the water-level 
of Turkey Creek, and belongs to the age of the " Permo-Carboniferous,'' 
or intermediate between the Upper Coal-Measures and the Permian 
series, the general inclination of the beds being toward the west and 
northwest. Kew and more recent beds are continually making their 
appearance as we proceed toward the west, and this choice bed of lime- 
stone has made its appearance here for the first time. It will doubtless 
be found to extend over considerable area in a southeasterly direction. 
There is still another bed of bluish limestone cropping out of the hills, 
which, though useful, is not regarded with the favor bestowed on that 
just mentioned. It does not dress as nicely, is not as handsome for 
caps or sills ; it is equally durable with the other. There are several 
beds in the county which are employed, to a greater or less extent, for 
various economical purposes. 

Potters' clay, fire-clay, brick-materials, &c., are abundant all over the 
county. 

Peat-beds are found to some extent, suflBci€)nt, I think, to attract at- 
tention in the future. Near Table Eock, about six miles northeast of 
Pawnee City, on Elder Gidding's farm, on the Nemaha bottom, there is 
a low, flat marsh, covering about one hundred acres or more, which will 
furnish a peat of good quality, two feet in thickness or more, on an 
average, over the whole surface. 

Near Pawnee City there is a small peat-bog on which one can stand 
and jar the ground for a considerable distance. The surface of this bog 
is about six hundred feet in length and three hundred in width, and the 
peat is ten to twelve feet in thickness. 

The best peat-beds are those which are formed of the decayed roots 
and stems of the large rushes and the reed-^asses of the country. 
These bogs are covered with water a large portion of the year, and are 
the favorite abode of musk-rats, which pile up the reeds and rushes 
for their houses like hay-cocks. Very few people seem to know what 'a 
I)eat-bed is ; but their attention once turned in that direction, they will 
find them quite abundant in this county. 

No iron-ore of any economical value has been discovered in Nebraska. 
Even if there were rich beds of ore, the absence o£ fuel would render 
them almost valueless. 

There is a great amount of sulphuret of iron — " iron pyrites '^ — scat- 
tered through the county, sometimes presenting some beautiful crystal- 
line forms, attracting the curiosity, as welj as hopes, of many of th© 
settlers, who have frequently mistaken it for gold. 

Mill-sites ate numerous along the Nemaha and its larger branches, 
and some mills are now in process of erection. 
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The crops are very promising ; corn and potatoes are excellent, and 
tlie grasshoppers have left a full half-crop of wheat. 

The grass-land is about the same as in Eichardson County, yielding 
fipom .two to three tons per acre. Tree-planting has received but little 
attention as yet, but many of the settlers are fully alive to its impor- 
tance. A few hedges have been planted, and fruit-trees are attracting 
some attention. The best of success ^>ttends all efforts in that direction. 
Mr. Hollingshead, of Pawnee City, will have this year one hundred and 
fifty bushels of peaches. 

Water is abundant all over the county,, so that there is scarcely a 
section of land without a running stream or a flowing spring. 

Water is obtained by digging, at moderate depth. Near the streams, 
in almost all cases, water is reached near the water-level in the alluvial 
formations, and when the basis rocks are penetrated on the higher 
elevations, the clay-beds act as reservoirs for holding water, and yield 
a most abundant supply when struck. 

I have not seen or heard of a well or spring of poor water in the 
county, and most wells have a continual supply of from six to ten 
feet. 

For the raising of fine, healthy stock, horses, cattle, sheep, &c., it 
seems to me that this county is unsurpassed. 

GAGE COUNTY. 

Leaving Pawnee City we took a course nearly southwest across the 
open, high prairie, crossing the divide between the valley of the Nema- 
ha and tiiat of the Big Blue. Very few exposures were to be seen for 
ten miles or more. 

The surface is rolling, covered with a heavy deposit of alluvium, so 
that the underlying basis rocks are concealed from view, even along the 
little streams. 

The soil is very rich and deep, producing from one and a half to three 
tons of hay to the acre. All the crops look remarkably well. In pass- 
ing over this divide I saw the first long interval of waterless and tree- 
less prairie, and one that reminded me of the dry plains farther west. 
There was no living water and no houses to be seen for seven miles. 
The timber is also very scarce, not enough even for the thin settle- 
ments. 

About seven miles before reaching the Otoe agency a bed of lime- 
stone crops out of the hills, forming a sort of terrace about fifty feet 
above the beds of the streams. This hard bed of rock gives to the 
country a more abruptly rugged character ; the little branches have 
steeper banks, and there is a greater variety to the scenery. There is 
a belt of land, ten to twelve miles in width, between the Nemaha and 
Big Blue, that is doubtless underlaid by the more yielding clays and 
sands of the Carboniferous period, and therefore the eft'ect of erosion 
seems to have been to produce gentle slopes or lawns, as it were, beau- 
tiful but monotoik)us, effectually concealing, down to the water edge of 
the streams, all the basis rocks. 

At the Otoe agency the bed of limestone before alluded to is exposed. 
It is a cherty limestone, breaking into small fragments. There are one 
or two layers, six to twelve inches in thickness, of good limestone for 
buildings. At various localities within two miles of this place I ob- 
tained a pretty fair section of the rocks : 

7. Superficial deposits of soil and yellow mud. 
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6. Yellowish white limestone, rather soft, yielding readily to atmo- 
spheric influences, 2 feet. 

5. Slope,, same as No. 3, 6 feet. 
' 4. Yellow fine-grained arenaceous limestone, 18 inches. 

3. Slope, supposed to be laminated clay, but covered with grass, 20 
feet. 

2. Yellow and gray limestone, portions of it filled with seams and 
nodules of chert or flint. 

1. Bluish gray, laminated, calcareous clay, with numerous fragments 
of fossils, as crinoids, corals, &c., 30 feet above water. 

The outcroppings of the rocks form benches or terraces along the 
streams, the hard layers yielding less readily to erosion. There is an 
abundance of excellent limestone for all economical uses on the Otoe 
reserve. 

The soil is very fertile all over the reserve, but there is the appear- 
ance of the far western prairies to some extent — few springs, and long 
intervals without wood or water. 

The cherty limestone bed extends beyond Blue Spring, and forms the 
same bluff-like bench along all the streams ; it then passes beneath the 
water-level of the Blue. At this point it presents the appearance of 
mason- work, the cherty material forming the cement between the blocks 
of limestone. 

At the Blue Spring there is a fine mill-site, the banks and bottom of 
the stream being formed of rock. A fine saw and grist mill is in pro- 
cess of erection at this place. There are building-materials of all kinds 
in this region sufficient for the wants of the settlers. 

A section of the rocks as exposed at Blue Spring may be of some in- 
terest, as they soon pass beneath the water-level of the Blue and are 
seen no more in our examinations westward : 

4. Two feet worn pebbles and sand, and the remainder yellow marl, 
with about ten inches soil. The roots of trees pass all through this bed, 
fastening into the bed below. 

3. Layers of cherty nodule of variable thickness, with intercalations 
of fine gray sand, Productus^ Orthis^ and other fossils, 2 to 2J feet. 

2. Bluish ash-colored argillaceous limestone, easily decomposing on 
exposure to the atmosphere ; will not answer for building purposes ; 
containing great numbers of shells, especially a species of Productus of 
large size ; 6 to 8 feet. 

1. Greenish, ash-colored clay, breaking into small, angular fragments, 
and containing an irregular seam of argillaceous limestone, only about 
twelve inches above water. 

Along the Blue the second terrace is sometimes cut by the river, i?e- 
vealing thirty to fifty feet of alluvium. There is about two to two and 
a half feet of vegetable soil or humus, and the remainder is yellow sili- 
ceous marl. If any portion of this bed, throughout its entire thickness, 
is brought to the surface, it produces vegetation, showing that it con- 
tains more or less nutriment for plants. The bottom-land of all these 
streams may be said, therefore, to have a soil from five to fifty feet in 
depth, possessing the highest fertility. 

Op our road to Beatrice were a number of exposures of limestone. 
On Bear Creek, about four miles east of Beatrice, there is a ledge of 
limestone fifteen to twenty feet thick, yellow magnesian, full of cavities 
or geodes. This same bed is seen along the Blue to Beatrice ; is cut 
through by the little branches, so that it forms some of the most im- 
portant quarries in this portion of Nebraska. 

Fine large columnar masses are worked for buildings, a foot or more 
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in thickness, and ten to twelve feet long, a beautiful cream color, soft 
but tenacious in structure, and easily cut with a knife ,• can be made 
very smooth for caps and sills with a jack-plane. 

This rock is abundant here, and is in very high favor with masons 
and builders, and would be superior to the Pawnee City limestone were 
it not for some small geode cavities which mar its beauty. 

The following is the general section of the rocks aronnd Beatrice : 

6. Dark-brown ferruginous sandstones, of variable color and texture, 
used for buildings; contains many leaves of plants; 50 to 60 feet. 

5. Yellowish-gray sandstone, soft, easily crumbling and wearing 
a^ay, exposed on Blakely's Eun, two miles west of Beatrice ; 30 to 50 
feet. 

4. Slope in most places, but composed of variegated clays of doubt- 
ful age — potters' clay ; 40 to 50 feet. 

3. Loose layers of yellow limestone, full of geode cavities, porous, 
spongy. 

2. Yellow, rather compact limestone, good for building purposes; 2 
to 2^ feet. 

1. Dark gray argillaceous limestone, becoming light gray on expos- 
ure, filled with geodes, with cavities full of crystals of carbonate of 
lime. This bed is at times ihassive, heavy-bedded limestone, of a beau- 
tiful cream color; 10 feet. 

Beds 1, 2, and 3 of the above section are undoubtedly of Permian or 
Permo-Carboniferous age, though they contain fossils common to both 
Permian and Carboniferous rocks. 

Bed 4 is of doubtful age. Beds 5 and 6 are exceedingly interesting 
in a geological point of view, from the fact that they represent a new 
geological formation not before seen east of this point. 
/ Bed 4 seems to form a sort of transition bed between the Permian 
and Cretaceous formations. The Permian rocks pass beneath the water- 
level at Beatrice westward, and over a belt ten to fifteen miles wide, in 
a northeast and southwest direction ; the brown sandstones prevail to 
the exclusion of all other rocks. 

The village of Beatrice is pleasantly located on a second terrace in a 
bend of the Big Blue, and is a prosperous place, surrounded with a 
thickly-settled farming region, and bids fair to become an important in- 
land town. It contains thirty or forty houses, several stores, a saw and 
grist mill, &c. 

The soil of Gage County does not equal that of Pawnee County, or the 
counties along the Missouri, as a whole. The bottom-lands are excel- 
lent, but the upland soil is thin. The grass is less luxuriant and the 
timber along the streams less abundant. For wheat, however, this soil, 
composed as it is largely of the eroded materials of the Cretaceous sand- 
stones, contains a large amount of silica and seems to be most favora- 
ble. A bushel weighs more than that of the river counties, but the 
corn and other kinds of grain are not quite as good. Yet too much can- 
not be said in favor of Gage County as an agricultural and grazing re- 
gion. No coal will ever be found there, and the sooner the farmers 
commence planting trees th^ more prosperous and happy they will be. 

Comparatively little peat will be found in the county, so that the 
question of fuel must be determined by the intelligence and industry of 
the people. If they plant trees now they cannot suffer for fuel, for be- 
fore that which they now have is gone the planted forests will be ready 
for use. 

In regard to fruits, garden-vegetables, &c., the same may be said of 
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Gage County as of the other counties before described. Success will at- 
tend all well-directed efforts that way. 

There are several fine springs of water in this county, but they are 
not numerous. Good water is always obtained by digging wells, and 
the depth beneath the surface generally depends on the elevation above 
the principal water-courses. "Wells vary from twenty to sixty feet in 
depth. Near Blue Spring Mr. Tylor dug a well twenty-five feet deep 
through the yellow marl to a point on a level with the bed of the Big 
Blue River, or perhaps a little below it, and obtained a copious supply 
of water which never fails. At the village of Blue Spring a well was 
dug on an elevated terrace fifty-five feet through clays and quicksands 
without passing through a particle of rock — all alluvium or superficial 
deposits. At the depth of fifty-four feet the bones of a mastodon were 
found. At another locality a well was dug forty-four and a half feet 
through alluvial marl and gravel to a bed of clay on a level with the 
bed of t^e Big Blue, and the water flowed in, and now continues per- 
manently eight feet in depth. 

The excellence of the water in spiings and wells in this county is a 
most important feature in a sanitary point of view. 

There are no minerals that can be worked to advantage in this portion 
of the State. In the Cretaceous sandstones there are large masses of 
limonite, (hydrated sesquioxide of iron,) but they are so full of siliceous 
matter that they can never be of much value. Even if there was an 
abundance of iron in this county there is no fuel to prepare it for use. 
Every county bears testimony to the statement that Nebraska is wholly 
an agricultural and grazing State. For building-stone, gravel, lime, 
different kinds of clay, materials for making brick, &c., this county com- 
pares favorably with any other in the State. 

Most of the settlers came into the county poor, and have not yet com- 
menced planting fruit and forest trees to any extent. 

Very little attention has been paid to hedges, but all the cereals are 
most excellent, and the grasshoppers passed by without doing much 
damage, and the harvests of this autumn will be the best known since 
the State was settled. 

There are many fine horses and cattle in the county ; very few sheep 
as yet. 

JEFFERSON COUNTY- 

The Nebraska legislature of 1866-'67 united the two counties of Jones 
and Nuckols under the name of Jefferson. Leaving Beatrice we took a 
southwest course across the divide between the waters of the Big Blue 
and those of the Little Blue. The first branch we came to and the first 
living water that we saw was at Eock Creek, a branch of the Little Blue, 
twenty miles distant. We traveled at least eighteen miles over the 
almost waterless and treeless prairie — about fifteen miles of our journey 
without any water at all. 

There were no exposures of rock, but a broad level prairie much of tlie 
way, too flat to possess a suitable drainage. I knew, however, that the 
underlying basis rocks were Cretaceous, probably the loosely aggregated 
sandstone seen on Blakely's Kun, near Beatrice. The configuration of 
the surface everywhere would indicate that the rocks beneath were of a 
texture to yield readily to atmospheric influences, and the little ravines 
and valleys were grassed down to the edge of the water. 

All the land that we passed over was clothed with a thick covering of 
grass, the soil appeared to be fertile, and the great proportion of silica 
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in the soil, derived from the erosion of the Cretaceous sandstones, would 
render these broad level prairies admirable for wheat. Although the 
grass is so abundant and nutritious, I fear the lack of living water will 
prevent certain portions of this region from being useful for stock-rais- 
ing. It seems to me too flat and wet at certain seasons for sheep to 
prosper well. There is an interval of about eighteen miles between Big 
and Little Blue Eivers along this road without a dwelling. On Eock 
Greek the settlements begin to grow numerous again, and nearly all the 
bottom-land of the Little Blue is taken up by the actual settlers. There 
are some excejlent farms here, and the crops the present season are 
very bountiful. 

On Eock Creek, a little branch six or seven miles long, we saw the 
first exposure of rock — the. red sandstones of the Dakota group. Along 
the Blue for eight or ten miles quite precipitous ravines are formed by 
this rock, as shown by the illustration. 

Fig. 1 shows a bluff or projecting ledge of sandstones along the Little 
Blue, and Fig. 2 represents one of the many rugged ravines near the 
mouth of Eock and Eose Creeks. The clays, sand, and sandstones of 
the Dakota group extend down the Little Blue to a point about two 
miles below the south line of Nebraska, and, of course, influence the 
agricultural character of the entire region. 

The soils of a district are generally composed, to a greater or less ex- 
tent, of the eroded materials of the underlying basis rocks. The sand- 
stones of this formation being largely composed of silica, the soils and 
subsoils are largely formed of silica also ; and the consequence is that 
wheat and oats grow remarkably well, but corn-crops are not as good. 

The wheat raised in the district underlaid by the sandstones of the 
Dakota group is said to weigh more per measured bushel than that from 
any other portion of the State. 

These districts also produce most excellent nutritious grass, and the 
hills, though covered with a thin soil, would be superior for sheep-graz- 
ing. Indeed, as we go west of this latitude, the uplands are more suit- 
able for stock-raising. The water, though somewhat scarce, is most ex- 
cellent, and the climate healthy. A section of the rocks along the Lit- 
tle Blue, below the Big Sandy, would be as follows, descending : 

5. Yellow and dark-brown rust-colored sandstones of the Cretaceous 
or Dakota group, so well known in many other portions of the West. A 
few dicotyledonous leaves were found. This bed is of irregular thick- 
ness, from 50 to 100 feet. 

4. Moderately coarse, yellowish- white sand, with irregular laminae of 
deposition — 50 feet. 

3. Dark-colored, arenaceous, laminated clays, with particles and seams 
of carbonaceous matter. All through are beds of carbonaceous clay, 18 
inches to 3 feet thick — much sulphuret of iron and silicified wood — 30 to 
50 feet. 

2. Variegated arenaceous clays ; the slopes exposed are so great that 
I cannot give the exact thickness — ^probably 50 to 70 feet. Some seams 
of excellent potters' clay. 

1. Dark-bluish shaly clay, upon which the foundation of Mr. Jen- 
kins's mill rests. It is, undoubtedly, Permian or Permo-CarboniferouSj 
but is not exposed to view by natural excavations until we reach a point 
south of the Nebraska line near Marysville, Kansas. 

The dark bed in division 3 of the above section has been regarded by 
the settlers with a good deal of interest as indicating the proximity of 
a workable bed of coal. I gave all the exposures a careful examination 
and found them of no possible value. 
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Large masses of iron pyrites, some with brilliant crystalline forms, 
were found ; others mixed with bits of charcoal and large masses of 
petrified wood, showing the vegetable structure with great distinctness. 

Bones of some extinct saurian animal are frequently found in these 
beds. In the sandstones of the upper bed many impressions of leaves 
similar to those of our existing forest-trees are found. They comprise 
the cinnamon, fig, laurel, sycamore, sassafras, magnolia, and many others 
belonging to a genera common to both tropical and temperate climates, 
but all belonging to extinct species. 

Indeed, the Cretaceous period marks the dawn of the existence of 
dicotyledonous trees, or those similar to the existing forest, fruit, or 
ornamental trees on our planet, and consequently forms a new and most 
important era in the progress of American geological history. 

1 shall have more to say in regard to them in my description of the 
geology of other counties. 

These sandstones continue up the Little Blue until we arrive within 
four miles of the mouth of the Big Sandy, when masses of a whitish lime- 
stone make their appearance on the summits of the hills, and eight or 
ten miles west of the Big Sandy these rocks assume an important thick- 
ness. 

They are composed of bivalve shells, (Inoceramus problematictis,) 
which are as closely packed together in these rocks as if they had been 
submitted to pressure, with enough carbonate of lime to cement the 
shells together. The settlers find it useful for building-stones, but more 
useful for converting into lime. It is a chalky shell-limestone and burns 
into the best lime of any rock in the State. Whether it will be found 
in great quantities either in the valley of the Little or Big Blue Eiver 
remains still to be determined. 

On account of the hostility of the Indians in that region, I did not 
think it safe or prudent to extend my examination more than about, 
eight miles above the mouth of the Big Sandy. 

The same rock occurs on Swan Creek, Turkey Creek, and the Big Blue 
above the mouth of Turkey Creek. This rock was first studied on the 
Missouri River, and first appears capping the hills about 30 miles below 
Sioux City, Iowa, and extends to the foot of the Great Bend, near 
Yankton , the capital of Dakota Territory. It occupies the whole country 
to the exclusion of all other rocks, and a portion of it assumes the ap- 
pearance of chalk. It has been hitherto supposed that the chalk of 
commerce is not found in any portion of America, and although this 
rock has the appearance and nearly the chemical composition of impure 
chalk, the formation itself has not yet been clearly shown to be the 
geological equivalent of the true chalk-beds of Europe. 

On the Missouri ^iver this formation covers an area about 200 miles 
wide and 400 long. The Cretaceous rocks in the valley of the Missouri 
were, several years ago, separated into five divisions by Mr. Meek and 
the writer, and were for a long time designated by numbers, as 1, 2, 3, 
4, and 5. 

In a paper published in the proceedings of the Academy of Natural 
Sciences of Philadelphia, December, 18(K), we published a general sec- 
tion of the Cretaceous rocks of the Northwest. 

The sandstones which we have referred to in this report we designated 
the Dakota group, or Formation No. 1, because these rocks were then 
supposed to reach their largest development along the Missouri River 
near Dakota Territory. 

Formation No. 2 was called the Fort Benton group, having its- 
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greatest thickness adjacent to Fort Benton, near the source of the 
Missoari Eiver. 

Formation No. 3 was named the Niobrara division, from the fact that 
it is most conspicaoQS near the mouth of the Niobrara Eiver. These 
three divisions constitute the lower series of Cretaceous rocks in the 
West, and are supposed to be the equivalent of the Lower or Gray 
Chalk and Upper Greensand of British geologists. 

Formation No. 4 we call the Fort Pierre group, because it reaches its 
greatest thickness near this post along the Missouri River. 

Formation No. 5 was called the Fox Hills beds, from the fact that 
they form a conspicuous range of hills between the Big Cheyenne and 
Moreau fiivers. 

These two groups of rocks constitute the Upper Cretaceous series of 
the West, and are regarded as the equivalent of the Upper or White 
Chalk and the Maestricht beds of Europe. • 

This brief description of the nomenclature of the Cretaceous rocks of 
the West is considered necessary in this place, from the fact that I shall 
be compelled to refer constantly to the various subdivisions in all my 
future reports. 

The limestone rocks referred to as exposed on the high hills near the 
Big Sandy, and upon the upper portions of the Big Blue and its tributa- 
ries, belong to Cretaceous Formation No. 3, or the Niobrara division. 
Formation No. 2, or the Fort Pierre group, I did not see exposed to view 
in this region with certainty. 

The foundation of a saw-mill on the Little Blue, about four miles above 
the junction of the Big Sandy, rests upon a dark pudding-stone, which 
I suspect belongs to this group, but it cannot be of very great thickness. 
About a mile above the mill, 50 or 60 feet of a dark gray calcareous 
shale occur, holding a position beneath the true limestone, which I 
suppose belongs to the Niobrara division, but which may possibly be in- 
cluded in the Fort Benton group. I would remark just here that pale- 
ontologically Formations Nos. 2 and 3 are embraced in one division, and 
Formations 4 and 5 also, the fossils of one group of rocks passing up 
into the other. 

As a general rule, all these formations are lithologically distinct. 

The soil of the valleys of the streams in Jefferson County is excellent, 
and produces abundant crops. Some of the most productive and highly 
cultivated farms which 1 observed in the State were seen in the valleys 
of the Little and Big Blue Eivers and their tributaries. 

The belt of country underlaid by the sandstones of the Dakota group 
runs northeast and southwest, extending through the States of Kansas 
and Nebraska into Iowa and Minnesota, and is about 40 to 50 miles 
wide. In this group there are about 45 to 50 feet of yellowish- white fri- 
able sandstone, the small particles of quartz scarcely adhering together, 
which I am confident will yet be made of great economic importance. 
The sand, which is very abundant, could be used in plastering, in the 
manufacture of bricks, and more especially in the construction of the 
patent concrete which is so popular in some portions of this country and 
Europe. 

The soil is largely composed of silica from this rock, and thus it seems 
to be well adapted to the production of valuable crops of wheat, the 
berry being more plump than that raised on any other geological forma- 
tion in the State. 

On the more elevated prairie the soil is thinner, and we miss the 
yellow-marl deposits which cover the first two tiers of counties along the 
Missouri. Still the grass is short and nutritious, and the surface is dry 
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and covered with a great variety of small pebble-stones, rendering this 
district a most excellent one for sheep-raising. 

There are many fine springs of the purest water scattered through the 
county, but there are extended intervals between them, and there are 
many entire townships of land with no permanent living water in them* 

Iron is found in considerable quantities in the sandstones, but there 
is no fuel to render it useful. There is only a narrow fringe of trees 
along the streams, and no workable bed of coal is even within the range 
of probability. 

There are a few good mill-sites, and several valuable saw and grist mills 
are now in process of erection. 

There is really no fine valuable building-rock in Jeflferson County. 
From Beatrice for 30 or 40 miles up the valley of the Big Blue, only the 
rusty sandstones of the Dakota group are found, and these are exposed 
only in a few localities. 

The same sandstones prevail in the valley of the Little Blue from the 
Kebraska line to the mouth of Big Sandy. 

Even the whitish limestones of the Niobrara division, which are quite 
abundant west of the limestone belt, although excellent for lime, are not 
tough and hard enough for building-stone ; so that no portion of the 
county can be regarded as well supplied with economical rocks. 

Still, in the absence of the massive limestones of the Carboniferous 
beds farther east, these Cretaceous sandstones and limestones will prove 
of much service. The ease, however, with which these rocks yield to 
atmospheric influence has given a most beautiful outline to the surface 
of most of the county. 

The wide bottoms and gently sloping hills along the Big Blue and its 
tributaries can hardly be surpassed for their monotonous beauty. The 
high prairies are gently rolling yet well drained. 

I was not a little surprised at the advance of settlers so far westward. 
The valleys of the two Blues are nearly all occupied by the actual set- 
tlers. There are a large number of Germans who have taken farms in 
this OQunty. Six years ago they came into this region aud took posses- 
sion of these homesteads, many of them without any money at all 5 now 
they have'- highly cultivated farms, with 20 to 40 acres of wheat that 
will average ^0 bushels to the acre ; oats, 40 to 50 bushels ; com, 60 to 
70 bushels ; a l«;rge number of fat horses and cattle, with everything 
comfortable around, them. 

By their industrious and frugal habits these Germans have made for, 
themselves an independence in the short space of six years. 

Surely the great West, with its broad fertile acres, to be had almost 
for the asking, through the generosity of our Government, is the poor 
man's paradise. .^ 

BRIEF NOTES ON THE PRESENT "CONDITION OF THE OTOE INDIANS. 

In our wanderings over the StalJ^of IN'ebraska we came to the Otoe 
reserve, and pitched camp near the hoi^itable mansion of the agent. 

In the absence of Major Smith we Wre most pleasantly entertained 
by Mr. Moore, the farmer of the Otoe Indians. It occurred to me that 
I could not occupy my time better, in the brief space allowed me to re- 
main here, than in securing, as far as possible, such information as sug- 
gested itself in regard to the present condition of this once powerful 
tiibe of Indians, now fast dwindling away. 

The Otoe reserve is located on the Big Blue Eiver, mostly in the 
southern portion of Gage County, but extending into Jefferson County. 
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It occupies a surface 10 x 24 =240 square miles= 153,600 acres of the finest 
land in Southern Nebraska. The Big Blue, one of the most beautiful of 
the inland streams, with several of its most important branches, passes 
through it. Like all other portions of the State, there is, comparatively, 
little timber, yet as much as on other streams. Some of the branches 
have the most desirable farms bordering on them. They occupy a small 
village bordering on the Blue, and are not distributed over the reserve. 
The land is not divided out to them, but they are all aggregated to- 
gether in the village of mud huts. They seem to have no idea of indi- 
vidnal independence, but have all things in common, as it were. 

They have now about 300 acres in corn in good condition, which will 
prevent them from starving if judiciously cared for by the agent and 
farmer. It seems hardly possible that a tribe with over 150,000 acres 
of this tillable land should have no more than, 300 or 400 acres in culti- 
vation. These Indians have the same lazy, improvident habits of the 
wild Indians farther west, and the result is that there is at least from 
three to four months of the year that they are in a pitiable state of 
starvation. Last spring they ate all the cats and dogs within their 
reach ; horses, cows, or sheep that had been dead for ten or twelve days, 
and were in a complete state of putrefaction, were eagerly devoured by 
them. Anything, however filthy or decayed, that had ever been in the 
form of food, was eagerly devoured ; and yet no lesson is taught them 
by such severe experience, for nothing could be easier than to place 
themselves beyond the possibility of want. Even at this time they have 
nothing to eat but corn, which they cook by boiling in the kernel. Most 
of the tribe, both men and women, have gone on a hunt at this season 
to the Eepublican, where buffalo are said to be plenty. They usually 
prepare about 500 robes annually, for which they get $5 to $7 apiece* 
The meat they dry for winter use. 

There are now about 430 persons in the tribe, men, women, and chil- 
dren, a small remnant of a once-powerful tribe. They persist in living 
in filthy, ill- ventilated mud huts, which at night they close up as tightly 
as possible, so that they are swept off annually by various diseases, and 
those that remain are deficient in energy and strength. 

Two or three of the families live in rude board houses, but they are 
not pleased with them, preferring their rude huts. 

There are three groups of huts occupying three different elevations on 
the same ridge, representing three different bands, which are governed 
by sub-chiefs. The head chief is quite a shrewd man. Some one asked 
him, when the agent and farmer first came, how he thought he would 
like them. He at once replied that he could tell that better when he 
had seen their table. So they made the head chief and his principal 
men (eight in number) a feast, and they prepared themselves to do 
justice to the agent's dinner by a three days' fast previously— one hun- 
dred pounds of mutton, bread and coffee in proportion — and they made 
way with it all. Their powers of endurance are exhibited in as marked a 
manner in devouring food as in abstaining from it. It is a rule with 
them to eat all that is set before them, however much it may be. 

The Indians have a saw-mill and grist-mill, all under one roof, and a 
great amount of lumber is sawed and grain ground for the inhabit- 
ants of the neighboring region, the avails of which are supposed to ga 
into the Indian fund. 

The dirt huts have a diameter of about thirty feet. They are formed 
by placing a circular row of upright posts in the ground and then fast- 
ening to the tops of these horizontal poles, and to these horizontal 
poles are fastened the poles that form the roof, all slanting toward th^ 
3 H 
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top, at which point a round hole is left, two feet in diameter, for the 
smoke to pass out, then this frame-work is covered over with sods 
and dirt. The fire is placed in the center in a circular depression of 
about six inches deep and four feet in diameter. All around the inside 
of the hut are board bunks of the rudest kind, usually designed for 
two persons. Upon these are spread skins or blankets, which serve 
them for beds. I have seen ten of these in a single hut. On the sides 
and posts are suspended a great variety of articles — cooking-utensils^ 
clothing, the hunting-apparatus, &c., which constitute the furniture of 
the dwelling. 

The entrance is about ten or twelve feet long, and is protected by a 
thick sod covering. Sometimes twentj'^ or- thirty persons sleep at night 
in these huts, every avenue for the admission of fresh air closed up, so 
that it can hardly be expected that their children will grow up healthy. 

Many of these Indians have been educated to some extent at the 
mission-school, but all that has been taught them, and all that they 
have seen of the superior comfort of the whites around them, has had 
no influence in changing their mode of life. They seem to be destitute 
of the desire for improvement and averse to change, preferring their 
ancient habits and customs. If they can avoid it they will not travel 
in the roads made by the whites, but follow their old trails. 

A few of the half-breeds live in bark huts. In August, when the 
heat is excessive, and when the fleas and other vermin become too 
abundant, they go down by the river in the timber and erect temporary 
bark huts, and live in them until cold weather commences. 

Not far distant from the village are the graves of their dead. In this 
matter, also, they adhere to their ancient customs. They dig a hole in 
the ground just about large enough to receive the body, and then pile 
a mound of earth on it from two to four feet high, and if the deceased 
possessed a horse, it is killed at the grave, so that the spirit need not 
be compelled to walk to the celestial hunting-grounds. When the flesh 
of the horse decays, the skull is usually placed upon the grave. 

There are, also, two oak-trees near the burial-ground in which were 
a large number of bodies, some in small board coffins, and others in the 
original wrappings of skins and blankets; these were piled one across 
the other, as many as could rest in the tree. 

The Indians have great veneration for their places of burial, and are 
always loth to leave the graves of their ancestors. They have attempted 
to protect them by means of permanent graves. 

On a high hill across Plum Creek may be seen the nicely fenced 
graves of two native interpreters of this tribe, who were killed by them 
some years ago. It is supposed that while on their annual hunt they 
committed some depredation on white people which they wished to 
have kept a secret. These interpreters were privy to it, and being on 
most friendly terms with the white men, the Indians suspected they 
intended to expose them. They were shot in a ravine in the night neaV 
the same spot, and within two days of each other. 

We-ha-ta, " Wild-fire,'' was the presiding genius of our camp. He 
considered himself specially commissioned to look after our interests in 
return for his board and that of his family. He wore a turban about 
his head and a huge necklace of bears' claws around his neck, and con- 
ducted himself with all the dignity of a chief. 

As I have before mentioned, these Indians possess a reservation cover- 
ing over 150,000 acres of land. They do not make use of 2,000 acres. 
They are now surrounded with white settlers who are bitterly prejudiced 
against them, and the Indians do very little to remove that prejudice* 
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On the contrary, depredations are co;nmitted not unfrequently which 
are attributed to them, for which they must suffer, in the estimation of 
the white settlers, whether guilty or not. 

Situated as they are at present, they are like a small tree under the 
shadow of a large onej they will dwindle away slowly and soon become 
extinct. 

If the agents of the Government that are sent among them would 
do their duty, and they (the Indians) would put forth a proper amount 
of industry and energy, they might become very comfortable and pros- 
pen>us, even rich; but they are eoustantly deteriorating, and they now 
possess none of the warlike, manly qualities which are exhibited by 
some of the wild tribes farther west. They are a filthy, begging, lying, 
thieving race, lazy and improvident in the extreme, doing nothing that 
can possibly gain the respect of any white man. It would be better 
Tor both Indian and white man if all these wild tribes that are located 
in Kansas and Nebrai^ka could be removed far west, where they would 
be prevented from contact with the whites. 

The study of the language of the different Indian tribes of the West 
is one of peculiar iuterest to the philologist. In my memoir on the 
" Ethnography and Philology of the Indian Tribes of the Missouri Val- 
ley,'' in the possession of the Commissioner, I have attempted to give 
some illustrations of the language of the tribes roaming about the 
sources of the Missouri. I hope, at some future period, to prepare a 
second part, containing examples of the languages of the different tribes 
along the Lower Missouri. I have prepared these notes to aid me in 
making out their history. 

The language of the Otoes belongs to the Dakota group, which com- 
prises a large number of tribes: Iowa, Otoe, Missouri, Winnebago, 
Kansas, Osage, Quapaw, Omaha, and Ponka, of the Lower Missouri. 
All the different bands of the Dakotas, Sioux, Crows, Minnetarees, 
Mandans, and the Assiniboins of the Upper Missouri, belong to one 
group, and the careful student will discover a relationship n!iore or less 
close in all their dialects; yet most of the tribes cannot understand each 
other, and interpreters are required for each. 

The Rev. William Hamilton, of Bellevue, Sarpy County, who lived 
many years among the Iowa and Otoe Indians as a missionary, has 
written a very good grammer of their language, a copy of which I was 
able to procure. 

Note. — I forgot to mention the Green-Corn Dance. This is going on 
every evening at this season of the jear, as the corn is becoming fit for 
roasting. . They build afire in the center of the lodge, and dance around, 
keeping time with a rude thumping on a gong. Their women and 
children all join in the dance. 

I found two old village sites, one at Blue Spring, on the Big Blue; 
the foundations of the huts can be distinctly seen by the greater growth 
of weeds, and old pottery and arrow-heads have been found there. I 
think it was once the village of the Pawnees. At another locality, 
between Turkey Creek and Big Blue, at their junction, a most beautiful 
locality, some specimens of pottery were dug up three feet under ground. 
It is plain there was a village here many years ago; how far back in the 
past it is impossible to tell. Some information may be obtained from 
the tribe, perhaps. 

JOHNSON COUNTY. 

The north branch of the Great Nemaha River runs nearly diagonally 
through Johnson County, in a southeasterly direction. It is the only 
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important water-course in the coQnty, and its value to the inhabitants 
cannot be overestimated. The entire county is underlaid by rocks of 
the age of the Upper Goal-Measures; hence the geology is comparatively 
simple. 

There are very few exposures along the Nemaha and its branches, 
and the high divides on either side present only rolling prairies covered 
with a luxuriant growth of grass, exhibiting every evidence of remark- 
able fertility, but having no timber and comparatively little living 
water. 

From Beatrice our course was nearly northeast, passing over the divide 
between the waters of the Big Blue and those of the Nemaha. This 
divide, as usual, was treeless and nearly waterless for 18 miles; yet, 
either to the right or to the left of our road, water and small trees 
could have been found within five or six miles. The grass was excellent, 
showing a fertile soil, and the surface was monotonously beautiful to* 
the eye, but not an exposure of the underlying rocks could be seen. 

On Yankee Creek, a branch of the Nemaha, the first exhibition of the 
rocks was observed. A few limestone quarries were opened for obtain- 
ing building-materials. The beds are thin, not more than from six to 
twelve inches in thickness, intercalated with beds of clay and sand. 
The surface is rather rugged, some abrupt hills, but usually clothed 
with grass down to the water's edge. 

At Tecumseh a thin seam of coal has been opened, and is now worked 
with some success by Mr. Beatty. The drift is very similar to that 
before described in my report of Pawnee County, and" extends into the 
bank about 100 yards. > Mr. Beatty has taken out about 1,000 bushels 
of coal, which he sells readily at the mine for twenty-five cents per 
bushel. It is undoubtedly the same bed that is opened on Turner's 
Branch and at Frieze's mill, in Pawnee County, but it is not quite as 
thick or as good; it contains large masses of the sulphuret of iron and 
other impurities. The coal-seam here varies much in thickness, from 
ten to fifteen inches. The caprock is a bed of limestone not more than 
two or three feet in thickness. A well was sunk in the village of Tecum- 
seh sixty feet; a drill was driven down through rock and hard clay a 
few feet farther, and passed through what the workmen thought to be 
three feet of good coal. This discovery created much excitement at the 
time, and increased the demand for the public lands in Johnson County. 
It afterward turned out to be the same seam of coal worked by Mr. 
Beatty on the Nemaha, and was only eleven inches in thickness. The 
l)rospects, therefore, for workable beds of coal in Johnson County are 
no better than in the neighboring counties already examined. The 
evidence against any important bed of coal being found within the limits 
of Nebraska diminishes in force continually. I have already presented 
a portion of the evidence in former reports. The fact that all efforts in 
searching for coal in neighboring districts have resulted in failures, 
renders the prospect very doubtful. All the rocks at Saint Joseph, 
Missouri, Leavenworth, and Atchison, Kansas, hold a lower position 
geologically ; yet borings have been made about 600 feet at Atchison 
and Saint Joseph, and a shaft has been sunk about the same depth at 
Leavenworth, resulting in the discovery of a bed of very impure coal 
three feet thick, quite unfit for use. The evidence is quite strong that, 
as I have before suggested, Nebraska is unfortunately located on the 
western rim of the western coal-basin, and that iio workable bed will 
ever be found in the State at a reasonable depth. 

Tecumseh is the county-seat of Johnson County, a small town located 
on the elevated prairie near Nemaha Eiver. The following sketch will 
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give some idea of its size, as well as the surface of the surrounding 
country: 

From Tecumseh to the source of the Nemaha, about forty-five miles, 
T did not discover a single exposure of rock, and I could not ascertain 
that any had ever been observed by the settlers. We must conclude, 
therefore, that building-materials in the shape of rock are not well dis- 
tributed over the county ; indeed, I do not know of any one in which I 
observed less. 

The soil is very fertile, however, and in that respect will compare 
favorably with any in the State. In what are called the alluvial clays, 
near Tecumseh, were discovered some interesting remains of extinct 
animals, which appear to have been abundant all over the West at that 
period. Just over the cap-rock of the coal-seam, in stripping away the 
alluvial clay, Mr. Beatty discovered two molar teeth of a mastodon, 
in a fine state of preservation, one of which I was fortunate enough to 
secure. 

About six miles west of Tecumseh, Mr. Caldwell, in digging a cellar, 
unearthed a fine molar tooth of an elephant, which probably belongs to 
the well-known species Elephas americantis. This huge animal seemed 
to haye ranged all over America, east of the Mississippi, and of late 
years its remains have been found in California and Colorado. This is 
the first specimen ever found in the Missouri Valley, to my knowledge. 

In 1858 I was fortunate enough to discover the remains of a number 
of specjes of extinct animals, in some Pliocene Tertiary deposits on the 
Niobrara Eiver, and among them was a species of mastodon which Dr. 
Leidy, of Philadelphia, described as M. mirijumsj and an elephant a third 
larger than any ever before known, extinct or recent, Eleplms inperator. 
These two species have never been found at any other localities, and 
were geologically much older than those first mentioned. 

There are many fine farms in this county, and some of them are under 
a good state of cultivation. The best one I saw is improved by Mr. 
Luke Corson, about one and a half miles fi*om the village of Tecumseh. 
He has planted with success almost all the common varieties of forest- 
trees of this latitude, and his experiments in all kinds of hardy fruits have 
been eminently successful. Apples, pears, peaches, cherries, apricots, 
plums, blackberries, strawberries, gooseberries, and currants, have been 
raised in great perfection. 

He has surrounded his .farm with the willow hedge, which in his case 
has been remarkably successful. The willow makes a most beautiful 
hedge to the eye. Five years ago he put the cuttings, three or four inches 
long, in the ground, and now these willow-trees are fifteen feet high, 
and often four to six inches in diameter at the base, and in most cases 
as a fence it is capable of turning cattle. Although fully as handsome 
in its appearance to the eye, it does not equal the Osage-orange hedge 
as a fence. The attention of farmers in this county has been directed 
to the importance of planting hedge-fences as soon as possible. One 
gentleman put out iburteen miles of Osage-orange hedge this season ; 
another two and a half miles, and there is probably from one hundred 
to one hundred and fifty miles of young fence in Johnson County at this 
time. 

Building materials, as clays, sands, «&c., with the exception of lime- 
stone, are abundant. The water is excellent all over the county, and 
on the Nemaha there are some good mill-sites. Peat is found in limited 
quantities. Fuel is scarce, and must be supplied by the planting of 
forrest-trees. 

In conclusion, I would say that there is no county in the State with 



38 GEOLOGICAL SURVEY OF THE TERRITORIES. 



« 



better farminpj land, or land more suitable for the cultivation of trees 
and fruits, and its position will depend entirely upon the industry and 
skill with which these, its only resources, are developed. 

4 

ADDITIONAL NOTES ON LANCASTER AND CASS COUNTIES. 

From the sources of the Nehama Eiver we simply pass over a some- 
what elevated prairie, which forms the divide between that stream and 
the head-branches of Salt Creek. 

Like the Nemaha, in Johnson County, Salt Creek passes diagonally 
throug^h Lancaster County, in a northeasterly direction. It empties into 
the Platte River about tbirty-flve miles above its mouth. This creek, 
with its branches, forms the entire drainage of the county. 

The southeastern portion of Lancaster County is underlaid by rocks 
of the Permian or Permo-Carbonirerous age. The basis rocks of three- 
fourths of the county are the rusty sandstone of the Cretaceous formation, 
!No. 1, or Dakota group. After passing the divide, from the sources of 
the Nemaha to those of Salt Creek, we find no exposure of the under- 
lying rocks. At Mr. Mills's farm, about twelve miles down the valley, are 
some exposures of the Permo-Carboniferous rocks, occupying an area of 
about five miles square. The entire thickness of the rocky strata here 
is ten to fifteen feet, arranged in layers six inches to two feet in thick- 
ness. 

In abstracting the rocks from the quarry the fracture is so regular, 
breaking into massive square or oblong blocks, and the texture so fine, 
compact, and of light cream color, that they are highly esteemed by 
builders, and make beautiful as well as durable houses. There are 
quite a number of large dwelling-houses (made of this stone) in the 
vicinity. It is works quite easily. The finest springs of water in this 
county issue from this rock. 

There are five or six of these quarries opened at this time, but the 
principal one occurs on the farm of Mr. S. 6. Mills. 

These fine quarries must become of great value to this county, for 
they yield the only good building material for thirty to fifty miles north, 
south, and west, and from ten to twenty miles east, of the place. 

The rusty, rather soft, friable sandstones of the Dakota group are 
used, to some extent, for dwelling houses. It presents an exceedingly 
somber and uui)leasant appearance to the eye, and possesses no elements 
of durability. It can be relied on only in the absence of other building- 
material. About twelve miles below these quarries, near the salt- basins, 
Lincoln, the capital of the State, is located. Pretty good water is ob- 
tained here by digging, but there is a liability even then to strike brack- 
ish water, on account of the proximity to the salt-lands. 

From a point five miles above Lincoln to a point five miles above the 
mouth of Salt Creek, there is a scant supply of building-material, of 
timber, and of fresh water, so that it can be seen at a glance that this 
valley is not as desirable as many other portions of the State. 

Near Miss Warner's, about ten miles above Lincoln, a well was dug on 
the high hills, bordering the valley, to the depth of sixty feet, without 
striking rock. At Yankee Hill, two miles above Lincoln, a well was dug 
sixty-six leet, without reaching the basis rocks. 

These facts show the great thickness of the superficial alluvial depos- 
its of this region, and also the skeleton form of the surface prior to the 
disposition of these deposits. I shall treat more fully on this subject at 
a future time. 
* The sandstones of the Dakota group are quite largely developed in 
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this region, and exhibit their usual variability of texture and color. 
The prevailing color is a deep drab rusty brown, sometimes yellow or 
nearly white. Some layers contain many impressions of dicotyledonous 
leaves. I was unable to find as large and perfect impressions as I have 
collected at many other localities. 

So far as the surface of the country is concerned, in Lancaster County 
it may be regarded as remarkable for its beauty. 

It is always gently rolling, well drained, and from elevations the views 
are very fine, forming most excellent building-sites. 

When the soil is not influenced by salt-springs, it is equal to any in 
the State, but, in an agricultural point of view, there is no doubt that 
Salt Creek, with the numerous salt-springs that issue forth near it, is a 
disadvantage to the valley. 

That portion about two miles above Lancaster does not seem affected 
by the salt. The farm of Mr. S. B. Mills, of over one thousand acres, 
about ten miles above the county-seat, is one of the most fertile and 
valuable in the State. Although the salt-springs in this county may 
eventually be of some value to the State in the production of salt, yet 
I am convinced that if there was not a salt-spring of any kind in the 
county, the difference in the value of the lands for agricultural and 
grazing purposes would much more than balance all income that will 
ever arise from the salt-springs. 

In that case Salt Creek, instead of being almost useless, or rather an 
impediment, would be a fine fresh-water stream, making it one of the 
finest stock counties in the State. 

The surface of the uplands lies very beautifully, is very attractive to 
the eye, but there is scarcely any timber in the county. 

The soil is excellent, and forest-trees may be planted with success 
whenever settlers choose to do so, though very little has been done as 
yet. 

Ca«s County is the best settled county in the State. It is covered 
with fine farms, and many of them begin to show their capacity not only 
in the production of the grains, as wheat, oats, and corn, but also of 
fruits, forest-trees, hedges, &c. Along the Platte Valley, as well as the 
Missouri, the surface is rough, the hills being sometimes very steep, and 
the j^avines deep and numerous; but the soil is of inexhaustible fertility, 
and well watered with streams and multitudes of springs of the purest 
water. 

In all that pertains to successful agriculture, and the raising of all 
kinds of stock, I could not conceive of a more desirable district. 

There are rock-quarries enough in Cass County to supply all that por- 
tion of the State south of the Platte, if it could be equally distributed. 

On the Platte, near the northwest corner of the county, a yellow mag- 
nesian limestone is obtained, which is regarded with great favor as a 
building- stone. It is very durable, with a tenacious texture, but so soft 
that it can be cut with a. knife or plane, thus rendering it easily worked 
for caps or sills, &c. 

I have not.observed this bed of rock in any other portion of the State. 
The geological formations in this county are the Upper Carboniferous 
beds, capped along the west and southwest portions with the sandstones 
of the Dakota group. The Coal-Measure rocks appear near the edge of 
the water, at the mouth of Salt Creek, near Ashland, the county-seat of 
vSaunders County. East of this point, for twenty to twenty-five miles, 
the red sandstones occupy the hills along the Platte, but the limestone 
continues to rise higher and higher and assume more importance. 
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The sandstones disappear entirely about ten to fifteen miles west of 
Plattsmouth. 

In both the sandstones and limestones extensive quarries have been 
opened ; the sandstone is used for all ordinary purposes, while the lime- 
stones are made into the walls of buildings and for ornamental purposes. 
Some fine dwelling-houses have been made 6f these limestones. 

The quarries of sandstones have been wrought to considerable extent, 
and the stone is used for cellar-walls, wells, and some other purposes 
where nice work is not required. 

The Cretaceous rocks of Cass County are composed of the same beds 
of clays, sands, and sandstones before observed in formations of the 
same age in the valley of the Little Blue Eiver. 

About twenty-five miles west of Plattsmouth a bed of fine argillaceous 
grit is exposed, which was regarded by the settlers as gypsum. It may 
become of some economical value at some future time as fine clay for 
mingling with other earths in the manufacture of bricks. On the 
Weeping Water, an important stream near the central portion of Cass 
County, are some very heavy beds of limestones, which are of great 
economical value for building purposes. 

The limestone is readily burned into lime, and numerous dwelling- 
houses, mills, &c., are constructed of this rock. 

These alternate beds of limestones, sands, and clays give to the sur- 
face of the country bordering on the Weeping Water an unusually 
rugged character. The bottoms of the little streams are narrow, the 
soil is good, water excellent, and the valley is well settled and prosperous. 

ISear the mouth of Stone Creek, section 12, range 10, township 10, in- 
dications of coal were observed, and Mr. E. L. Eeed, residing at Weep- 
ing Water, sunk a shaft through the following beds: 

9. Sandstones, which form the bed of the creek, 10 feet. 

8. Slate and clay, 3 feet. 

7. Coal, 9 inches. 

6. Whitish fine clay, 3 feet. 

5. Crystalline quartz, 3 inches. 

4. Bluish clay, 4 feet. 

3. Whitish fine clay, 6 feet. 

2. Eed clay, 3 feet. 

1. Soft, white limestone, (1). 

The coal above, although so thin a seam as to render it unprofitable 
for working, is of good quality, and is useful to the blacksmiths in the 
vicinity. 

We must, therefore, conclude that neither in Lancaster nor Cass 
Counties will there ever be found any thick beds of coal, but in the 
valleys of all the streams, and in numerous other localities, there are 
low, boggy places which seem to promise peat, especially on the broad, 
low bottoms of the Platte. 

I am continually more and more impressed with the importance of this 
material as an article of fuel for the people of Nebraska, and I am con- 
fident that before many years it will become an object of earnest pur- 
suit and of great profit. 

The red sandstone of the Dakota group contains a considerable quan- 
tity of iron ore, but the absence of fuel renders it unavailable, so that, 
exclusive of the common building-materials, these counties may be said 
to have no mineral resources. Their wealth lies in their inexhaustible 
soil, which is this year producing most luxuriant crops. 

Wheat yields 30 to 35 bushels per acre; oats 40 to 50, and corn 60 to 
75 bushels per acre ; and in this respect it is easy to predict for Nebraska 
a remarkable destiny in the future. 
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ADDITIONAL NOTES ON SARPY AND DOUGLAS COUNTIES. 

Sarpy County borders on the Platte Biver and the Missouri, and thus 
has a large share of bottom-land, as well as the rather rugged or hilly 
portions along those streams. It has superior advantages over the more 
northern counties in its numerous quarries of limestone, which are des- 
tined to prove of great value. 

Already do the quarries along the Platte and the Pai)illion furnish 
the greater portion of the lime and building stone used at Omaha, and 
most of the rock needed for the contemplated railroad-bridge across the 
Missouri must of necessity be obtained there. 

The basis rock which underlies the surface of the greater portion of 
Sarpy and Douglas Counties is Carboniferous limestone. These lime- 
stones are evidently of the age of the Upper Coal-Measures, as their fossil 
remains indicate. 

The western portions of the counties are occupied by the r^isty varie- 
gated sandstones of the Dakota group. The soil is of great fertility, 
seeming to be composed of a mingling of the eroded materials of the 
sandstones and limestones with the yellow marl of the Loess deposit, 
which covers the surface of the country here to a greater or less depth. 

The result is a surface- soil eminently adapted for the growth of all 
the cereals, as wheat, oats, and corn. The scenery is beautiful indeed ;^ 
the rolling or undulating character of the country, while it relieves the 
monotony, does not obstruct the vision, so that objects may be seen with 
distinctness ten to twenty miles on every side. 

The river-bottoms, especially through Missouri and the Platte, are of 
inexhaustible fertility. With a soil not unfrequently ten to thirty feet 
in depth, they sustain a most luxuriant vegetation, while during the 
greater portion of the year the broad upland prairies are clothed with 
grass and flowers of great variety and beauty. 

The yellow siliceous marl covers the greater part of Douglas County, 
so that the limestones are exposed only in a few localities. 

Near Omaha City a few beds are revealed at the water's edge, perhaps 
ten to fifteen feet, and over these layers is a deposit of gravel and marl 
one hundred to one hundred and fifty feet in thickness. 

At Florence, about five miles above Omaha, these limestones are again 
seen at very low water in the bottom of the Missouri, but as a rule the 
rocks of the country are concealed from view by this great deposit of 
marl. In consequence of this fact, the limestone quarries along the 
Platte assume a far greater importance and value. 

There is a quarry of limestone at Bellevue Landing, near Sarpy's old 
trading post, which has been wrought for many years; but the most 
valuable layers of the rock are not visible in time of high water. Wat- 
son's quarry, on the Papillion, three miles west of Bellevue, has been 
worked for many years, and contains several layers of valuable rock for 
building purposes. This quarry is a source of considerable revenue to 
the owners, and the materials are taken to Bellevue and Omaha in great 
quantities. 

The following is a section of the beds, in descending order: 

6. Vegetable soil, two to four feet thick, with a few stray water- worn 
rocks. 

5. A bed like No. 3, with fragments of fossils capped with loose layers 
of limestone, eighteen inches to two feet thick. 

4. Three inches of light-yellow clay — a hard layer. 

3. Yellow, indurated, calcareous clay, full of shells ; ten inches. 
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2. Several layers of hard liraestone, very compact with Crinoidsj 
Corals^ Chonetes mucronata^ Athyris suhtilita^ ProductuSj &c.; six feet. 

1. Greenish-yellow clay, underneath the most valuable and massive 
bed of limestone, as shown in the illustration ; twenty inches thick. 
Below this there is a layer of yellow limestone eighteen iAches thick. 

Bed 2 in the section is the one that produces the valuable rock for 
building purposes. The organic remains determine at once the geolog- 
ical position of the rocks. 

About six miles above the mouth of the Platte I observed a large» 
number of bowlders or erratic rocks scattered over the hills, composed 
of granite and red quartzite. These were undoubtedly transported 
hither by glacial action ; and the rocks themselves come from the north 
and northwest — from Dakota, Minnesota, and perhaps from the region 
of Lake Superior, where the rocks abound. !Near this point, also, a ledge 
of rusty sandstone of Cretaceous age was seen capping the hills. Its 
character has been described before, as a dark, ferruginous, coarse- 
grained micaceous sandstone, but sometimes becoming a tough, close- 
grained, compact, siliceous rock, or quartzite. It is very difficult to find 
rocks pf this group resting directly upon the beds below, from the fact 
that in almost all cases a grassy slope intervenes, and it became a matter 
of much importance to find the junction of the two great formations, or 
ascertain what beds come between. 

In 1857, while making an exploration of this region, I was so fortu- 
nate as to discover this apposition of the two formations, and the results 
were published in a memoir in the Transactions of the American Philo- 
sophical Society in 1862. The section taken at that time was observed 
near the old Otoe Village, about eight miles above the mouth of the 
Platte Eiver. 

The Cretaceous rock set directly upon the limestone, although we know 
what a vast thickness of beds of various ages are absent. This illus- 
trates what Professor Eogers has denominated, in his Geology of the 
State of Pennsylvania, an unconformable sequence of beds ; that is, the 
eye will observe no apparent want of conformity, the lowest bed of one 
formation reposing upon the highest of the oth^r, as if no interval had 
occurred during the deposition. The section, in descending order, is as 
follows : 

1. Gray, compact, siliceous rock, passing down into a coarse conglom- 
erate, an aggregation of water-worn pebbles, cemented with angular 
grains of quartz; then a coarse-grained micaceous sandstone— twenty- 
live feet. 

2. Yellow and light-gray limestone of the Coal-Measures, containing 
numerous fossils — Spirifer cameratus^ Athyris suhtilita^ Fvsulina cylind- 
rica, with abundant fragments of coral and crinoid remains— twenty to 
fifty feet. A, quartz rock ; B, conglomerate; C, coarse micaceous sand- 
stone; D, carboniferous limestone. 

This conjunction of the two great formations at this point is quite in- 
structive. We see the tremendous effects of erosion prior to the deposi- 
tion of the sandstones, in the fact that hundreds of feet of limestones 
must .have been swept away. 

In Kansas, near Fort Riley, there are several hundred feet of Permian 
and PermoCarboniferous rocks, not a trace of which can be seen in this 
valley. Even in the Salt Creek Valley, above Lancaster, there is one 
hundred feet or more of rocks that do not appear here ; and yet I can 
see no good reason for not supposing that all these rocks were deposited 
here in the great oceans of the Coal period, but have been worn away 
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and ground up into materials for rocks of more recent date by the waters 
of subsequent oceans. 

Then, again, between the Coal-Measures and the Cretaceous rocks, as 
shown in the^illustrative section, the two great ages, Triassic and Juras- 
sic, are not represented at all. 

We have reason to believe that rocks belonging to these eras were 
even deposited here, and yet every trace of them has been washed 
away. 

In Kansas, on the Smoky Hill Fork, there are a series of variegated 
beds of clays and sands interposed between the Permian and Cretaceous, 
which we believe belong to the Triassic or Jurassic period, or both. 
Along the eastern slope of the Laramie, Big Horn, Wind Eiver Mount- 
ains, and the Black Hills of Dakota, the red beds of the Triassic and 
the marls and marly limestone of the Jurassic eras are developed to a 
thickness of several hundred feet, while on the Platte not a trace of 
them is to be seen. 

The evidence seems to me to be clear that beds of greater or less 
thickness, belonging to all these periods, once existed in this region, 
and that they have been swept away by the erosive action of water. 

This subject, which is one of the most interesting as well as important 
in the geology of the West, will be discussed more fully in the final 
report. 

Like all other portions of the State, the interest in the discovery of 
workable beds of coal in this region is very great. Along the Platte a 
seam of Carboniferous shale crops out, occasionally twelve to eighteen 
inches in thickness, and wherever it occurs it is regarded by the settlers 
as a sure indication of coal. I have examined all the indications with 
care, and I see no evidence of any coal at a reasonable depth. I hold 
the same opinion now that I expressed in a scientific paper in 1858, that 
I was " inclined to the belief that it was a geological impossibility for 
a workable bed of coal to be found within the limits of the Territory of 
Nebraska. A bed of coal, to be really valuable for economical purposes, 
should be at least three feet in thickness; and even then it would not 
prove profitable if a large amount of labor were required in opening the 
mine.^ 

The several beds of limestone have been opened for twenty-five or 
thirty miles along the Platte, and the greatest abundance of the best 
building-material can be procured. Duclos's quarry, on the farm of Mr. 
J. I. Paynter, township 13, range 13, section 27, there is the following 
section : 

6. Yellow marl, a superficial recent deposit. 

6. Yellow clay, full of white lumps, like magnesia pebbles. 

4. Three or four layers of limestone, excellent for building purposes, 
varying from ten to fifteen inches in thickness each ; five feet. This 
bed is most extensively quarried ; the rock is a great favorite with ma- 
sons. Its upper surface has been smoothed by glacial action. 

3. Slope ] doubtless intercalations of clay and thin beds of rocks ; 
thirty feet. 

2. Heavy layers of limestone, yellowish- white, full of organic remains, 
as, 8. cameratm^ Productua^ Athyris^ Fusulina^ &c. ; ten to fifteen feet. 

Although this rock is not quite as good as that in bed four, yet it is 
much used for lime and for building purposes. 

1. Slope; probably same as bed 3, twenty-five feet above the bed of 
the Platte. The surface of bed 4 exhibits some very remarkable phe- 
nomena, which I have observed in very few localities in the West, and 
nowhere except in this region. It has been so thoroughly smoothed by 
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glacial action, that the upper layer can be quarried out and used for 
caps and sills, without any further finish to them, and the process seems 
to have been carried on with wonderful uniformity, for the upper sur- 
face seems to be as level as it could be wrought with a plumb-line. 

There are a few small grooves or scratches on the surface, and by 
means of a surveyor's compass 1 ascertained with a good degree of pre- 
cision the direction, which was generally 27° east of north. 

There were some exceptions, as can be seen in the illustration, which 
is an exact copy from the rock. The variation of the needle here is 
about 11° 45'. The whole process here seems to have been a smoothing 
one, with a few small pebbles perhaps in the bottom of the glacier. 

The accompanying illustration will show the character of the scratches, 
and the fact, also, that there are indications of two sets , the scratches 
crossing each other at different angles. 

I will now quote two or three i)aragraphs from a memoir published 
in 1862, which had a very limited circulation, and is now out of print: 

" Near the mouth of the Elkhorn the sandstone presents much the 
same character as before described. At this point it reaches nearly to 
the water's edge, showing that the dip of the formations in this region 
is toward the northwest. Here formation No. 1 is at least eighty feet 
in thickness, about fifteen feet of carboniferous limestone being exposed 
beneath. The latter soon passes beneath the water-level of the river, 
and the sandstone occupies the country. 

^' The bottoms along the Lower Platte are quite broad, and extremely 
fertile, possessing a rich soil, and admirably adapted to the wants of 
the farmer. Fine crystal springs issue from the limestone banks ; a 
sufl&ciency of timber skirts the river or clothes the bluffs ; the climate 
is quite dry and healthy, and if it were not for the extreme cold of win- 
ter, this region would be one of the most desirable agricultural districts 
in the West. 

"The timber of the uplands consists chiefly of ash, elm, oak, soft 
maple, box-wood, &c., while along the bottoms the cotton-wood forms 
nine-tenths of the woodlands. The land, when in a state of nature, sup- 
ports a most luxuriant vegetation, and, when cultivated by the farmer^ 
brings forth very abundant crops. 

" The valley of the Elkhorn is similar to that of the Platte, and the 
land is at this time mostly taken up by actual settlers. The bluffs 
are formed of sandstone, No. 1, often presenting lofty vertical walls, 
which, from the yielding nature of the rock, are of great service to the 
Indian upon which to record his hieroglyphic history." 

On my return to Bellevue I passed over the upland prairie, several 
miles north of the Platte. Already nearly every valuable claim was 
occupied by the persevering pioneer, and, as far as the eye could reach, 
the plain was dotted over with farm houses, giving it much the appear- 
ance of an old-settled country. Very little timber, however, is to be 
seen, except that which skirts the small tributaries of the Platte. The 
soil of which the surface is composed is of a rich vegetable mold, 
the result of the annual decay of a luxuriant vegetation, underlaid by 
a yellowish siliceous marl, and is admirably adapted for the cultivation 
of all kinds of cereal grains and for grazing purposes. 

When the prairie-turf is broken up by the plouw, and allowed to 
decay, the -land becomes like a garden. The soil is so loose that it is 
tilled with great ease, but, from this very fact, it is liable to suffer ex- 
tensively from the wash of the heavy drenching rains of May and June. 

The crops of wheat, oats, and corn in both of these counties the pres- 
ent year show unmistakably the very great capacity of the soil, thirty- 
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five to forty bushels of wheat, fifty to sixty of oats, sixty to seventy-five 
of corn per acre, being a no uncommon yield, and the present season 
there will be even more than the average yield of former years. 

Grass is also fine everywhere, each acre averaging from one and a 
half to three tons per acre. 

GEOLOGY OF NEBRASKA NORTH OF THE PLATTE RIVER. 

With the exception of a small portion of Douglas and Sarpy Counties, 
bordering on the Missouri and Platte Eivers, the whole State of Ne- 
braska north of the Platte Eiver is underlaid with rocks belonging to 
the great geological eras. Cretaceous and Tertiary. 

The Cretaceous rocks make their appearance in their eastward exten- 
sion in rather thin beds, capping the summits of the hills, and only the 
more compact layers, resisting the eroding effects of water or atmos- 
pheric agencies, remain to indicate its boundaries and extent. I am in- 
clined to the belief that the rusty sandstones of the Dakota group once 
extended in full force directly across the Missouri into Iowa, and that 
the sandstones recently discovered by Dr. White on the Nishnabotna 
River form a portion of the series, disconnected only by the wearing 
away of the intervening rocks. There is no doubt that the greater 
portion of Northwestern Iowa is underlaid by rocks of the Dakota 
group. 

The green color on the geological maps of Nebraska in process of 
preparation will show the eastern boundaries of this group wit^ accu- 
racy. The limestones early begin to disappear north of the Papillion 
River. 

At Sarpy's old trading-post, near Bellevue Landing, some thin layers 
of rock occur in th^ hills, and a thin seam of coal has been found, and 
at low water two or three layers of rock are revealed which can be made 
useful for building purposes. 

At Omaha five to ten feet of limestones are revealed near the water's 
edge. The rock is grained to considerable extent; but from the fact 
that Omaha is almost entirely supplied with rocks and lime for building 
purposes from the Platte, we may infer that the quarries at Omaha are 
not extensive. The cost of stripping the vast thickness of superincum- 
bent gravel and yellow marl at Omaha must render the working of this 
quarry very expensive. 

The next exposure is at Florence, where the limestones are seen only 
at low water. 

The last exhibition is at Rockport, near De Soto, where at very low 
water the limestones are seen at the edge of the river, but at neither 
of the localities above named are there quarries of any special value. 

Along the Missouri bluffs there is no exposure of the underlying 
rocks again until we reach Tekama, Burt County. Here the nuclei of 
all the hills are sandstones and clays of the Dakota group. From Flor- 
ence to Tekama, the bluffs or hills bordering on the Missouri are verj^ 
rugged and high, but are composed entirely of drift-gravel at the bot- 
tom and a great thickness of yellow marl at the top ; indeed, this yellow 
marl or loam is not unfrequently fifty to one hundred feet in thickness. 
It is so soft and yielding in its nature that little temporary streams 
flowing down the bluffs wear out immense gorges one hundred to one 
hundred and fifty feet in depth. The sides of these hills along the Mis- 
souri bottom, on the Iowa as well as Nebraska side, are often very steep, 
with an angle of descent of 30^ to 40°, and I have seen vegetation clinging 
quite thickly to their sides when tie descent was 50^ to 55^, although 
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the great geographer, Ritter, says that the grade at which it is possible 
for earth to cling is 45o. At Tekaina are some exposures of the sand- 
stones of the Dakota group, but mostly so soft and friable as to be of 
little value as building-material. 

In the absence of all other rocks the inhabitants quarry out the harder 
portions and use them. Underneath the sandstones are the usual vari- 
egated clays and sands, red, white, gray, and drab, with nodules of the 
sulphuret of iron. In the sandstones above there is quite a variety in 
the texture of the rock. Sometimes there are thin itltercalations of 
clay ; then little pockets, as it were, of clay inclosed in a thin shell of 
iron ; then the thin layers are oblique, as if the waters in which the 
sands were deposited were in currents, or in a disturbed condition. 
Indeed, it would hardly be possible to describe all the varied conditions 
which this rock presents. Between Tekama and Decatur, a distance of 
about sixteen miles, there are frequent exposures of the sandstones and 
clays, but none worthy of special notice until we reach the vicinity of 
the little town of Decatur, near the border of the Omaha reserve. 
Here some harder layers of rock are exposed, which are used for the 
foundations of buildings and other economical purposes. There is one 
layer of quartzite. 

There are also thin seams of iron-ore, which, when broken with a 
hammer, give forth a sound much like that from old pot metal. It is 
really pretty fair iron-ore, but quite siliceous and impure, and even if 
this ore was of the best quality, and in great abundance, there is no 
fuel in the county to render it of any value. 

At the Blackbird Mission, on the Missouri, eight miles above Decatur, 
the bluffs of sandstone are quite conspicuous, and often present very 
high mural fronts, upon which the Indians have carved many rude pic- 
tures, doubtless portions of their hieroglyphical history. At this locality 
are quite numerous layers, from one to four feet thick, of a very com- 
pact massive quartzite, the hardest and most durable rock in the State. 
It has the appearance of a metamorphic rock, so very hard and close- 
grained is it. The harder portions have been quarried out and used 
for the construction of a very large three story building for the mission 
school. 

As the construction of several railroad-bridges across the Missouri 
are contemplated, no rock in the State would be so unyielding and 
durable for abutments as this, providing enough of it can be found. It 
seems to assume a concretionary form in the sandstone, and is of very 
uncertain thickness and extent. 

About two miles above the mission the hills are cut by the river so as 
to reveal vertical bluffs, the rocks of which, in the distance, have a yel- 
lowish-white appearance, and from this fact are usuallj^ called chalk-bluffs. 
The sandstone is massive, almost without stratification, and very friable 
and soft. 

4. Yellow marl; recent; ten to fifty feet. 

3. Eight inches of earthy lignite resting upon twelve inches of yel- 
lowish-drab arenaceous clay, underlaid by eight inches impure lignite. 

2. Massive yellow standstone, with some thin intercalations of clay, 
soft and friable, readily yielding to the erosive effects of water, sixty to 
eighty feet thick. 

1. Yellow plastic unctuous clay, toward the top becoming a grayish 
blue ; contains flat argillaceous concretions two feet. 

This is, perhaps, the finest and largest exposure of the rocks of this 
group along the river. The mural exposures of soft sandstone present 
good surfaces for the Indian to make use of on which to write his rude 
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history, and on the chalk bluffs there are many of these hieroglyphics 
in positions totally inaccessible to the Indian at the present time. None 
of them now living know anything about them, and it is supposed that 
they must be very ancient, and that, since they were made, great changes 
must have been wrought in these bluffs by the waters of the Missouri. 
These markings are at least fifty feet above the water and fifty feet or 
more below the summit of the bluff, so that they must have bc^n made 
before the lower portion of the bluff was washiBd away by the Missouri. 
It seems strange that none of these hieroglyphical writings which occur 
quite often on the chalk-rocks of the Niobrara group, higher up the 
Missouri, are known to any Indians now living. Manuel's Creek is called 
in Dakota language the creek where the dead have worked, on account 
of the markings on the rocks. 

The accompanying illustration conveys an idea of the sandstones of the 
Dakota group as they fi*ont the Missouri, and shows the wearing away 
of the mat/Crial of the rock underneath during high water. This erosion 
is contintied for a series of years until the superincumbent rocks fall 
down and are washed away by the river. Near the mouth of Omaha 
Creek are some very high vertical bluffs of sandstone, from which some 
rock has been taken for building purposes. It is useful, since no better 
can be found in the vicinity. For a considerable distance along the 
hills opposite Sioux City, beds of the gray quartzite are found, which 
are worked to considerable extent, and furnish a very good supply for 
the inhabitants. A few impressions of plants and a few fossil shells 
were found here. Near Sioux City, on the Iowa side of the Missouri^ 
is a high cut bluff extending to the mouth of the Big Sioux River. 

Here was formerly a large exposure of the rocks of the Dakota group, 
and these rocks exhibited well their variegated texture and composition. 
The color seems to differ, depending upon the amount of ferruginous 
matters in them. Only about twenty feet of the different layers are 
exposed, and only about five feet hard enough for building purposes. 

This quarry has been wrought for twelve years or more, and at this 
time seems to have given out, for very little suitable building-stone can 
be found, mostly loose sandstone and clay. In former years I have ob- 
tained impressions of dicotyledonous leaves, as willow, laurel, &c., with 
some fossil shells of the genera Pharella, Axinea^ and Cyprina^ which 
are either estuary or marine in their character. 

Near the northern boundary of the Omaha reserve, traces of a whitish 
chalky limestone, almost entirely made up of the shells of a species of 
InoceramttSj make their appearance on the high hills. This rock indi- 
cates the first appearance of the Cretaeeous division. 

Numbers, or the Niobrara. In passing northward, as we continue up the 
Missouri, we find this formation becoming more and more conspicuous, 
until opposite Sioux City it is from 50 to 100 feet in thickness. It is of 
much importance to this region of the country on account of its value 
as lime, and it supplies a large district with that valuable material. 
Omaha is largely supplied with lime from the region of the Platte. Be- 
tween Omaha and the northern boundary of the Indian reservation, a 
distance of eighty miles or more, extending southward to the Platte, 
near Columbus, there are five or six counties entirely destitute of lime- 
stone. This limestone of the Niobrara group becomes very valuable 
therefore, and it will be from this upper district that the counties uuder- 
laid by sandstones of the Dakota group must obtain their supply of lime. 
Number 2, or Fort Benton group, seems to be wanting until we reach a 
point near the mouth of Iowa Creek. This is a thin bed, not over 40 feet 
in thickness at any one point, and is characterized by black plastic clay 
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filled with beautiful crystallized sulphuret of iron. It is pretty well 
exposed below the mouth of Iowa Creek, where the Missouri cuts the 
bluffs, and here we see all the rocks in their order : 

4.' Yellow marl, a recent deposit. 

3. Niobrara group, layers of white and yellow chalky lime, passing 
down into gray marly rock. 

2. Black plastic clay, with hard layers, containing inoceramus, a spe- 
cies of Ostrea^ like 0. coiigesta^ remains of fishes, many crystals of sul- 
phuret of iron, selenite, &c. 

1. Dakota group, sulphuret of iron, fragments of wood, impressions 
of leaves, willow, laurel, &c. 

Near the mouth of the Niobrara Eiver the black shaly clays of the 
Fort Pierre group begin to make their appearance on the hills over the 
Niobrara division, so that within the limits of Nebraska proper we have 
four out of five of the important divisions of the Cretaceous rocks of 
the West. 

Near the mouth of Iowa Creek there seems to be a bed of impure 
lignite in the Fort Benton group, or in the transition between .the Da- 
kota and Fort Benton groups. This bed, which has been worked to a 
considerable extent, and the coal used by blacksmiths in this vicinity 
with some success, does not seem to be the same as that seen along the 
Indian reserve, which is undoubtedly in the sandstone of the Dakota 
group. 

I am inclined to the opinion that this bed of lignite near Ponka City 
is a local bed or at least restricted in its geographical extent, and is the 
result of an accumulation of drift-wood in an estuary of the Cretaceous 
sea. 

I am informed that it is seen over on the Elkhorn River, about 35 
miles west of this point. 

Mr. Clark tells me that he dug twelve or fifteen feet below this bed 
and struck another seam of coal much better than the one cropping out. 
The lower bed must be the one in the Dakota group. Lithologically it 
is impossible to draw a line of demarkation between these formations 
here. Number 1 passes so imperceptibly into number 2, and number 2 
into number 3, that there is no break, and yet their principal character- 
istics are very distinct. The first is a sandstone ; second, a black plas- 
tic clay; third, a chalky limestone; and yet I cannot tell the exact 
point where one commences and the other ends. 

The impressions of leaves have ceased to appear before the close of 
the Dakota group. The sandstones of the Dakota group occupy the 
whole country along the Platte from the mouth of the Elkhorn to a 
point some twenty miles beyond the entrance of the Loup Fork. The 
intermediate counties between the Missouri and Platte have very few 
exposures of rock of any kind, so that quarries in this region, even 
though the rock is of inferior quality, are much prized. 

The Tertiary beds which make their appearance along the greater 
portion of the Niobrara, and really occupy a very large portion of West- 
ern Nebraska, do not furnish much good building-stone. In order that 
the general geology of all this region may be better understood, I will 
give a general section of the Cretaceous and Tertiary rocks of the Mis- 
souri Yalley, which was first published by Mr. Meek and myself in the 
proceedings of the Academy of Sciences at Philadelphia. I have made 
such changes as the present state of our knowledge of this region requires, 
which are not of great importance. 

The accompanying profile, also, along the Missouri Eiver, from Fort 
Benton to the southern line of Nebraska, will show the basin-like char- 
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DAKOTA GROUP. 

Although we have hitherto regarded this as a distinct group of Cre- 
taceous rocks, with a strong physical line of separation from the group 
above, I now think the evidence is clear that it passes impercej)tibly in 
its lithological relations up into the Fort Benton group, without any 
break in time. 

In the hills back of Dakota City there are repeated exposures which 
show the transition layers between the two sandstones of the one and 
the dark plastic clays of the other. The fossils, however, so far as we 
now know, are distinct, and for the practical purpose of investigating 
this rock they may be regarded as distinct groups. 

We have referred the rocks of the Dakota group to the Cretaceous 
epoch from the fact that they have yielded numerous species of dicotyled- 
onous leaves. Among these leaves, Dr. Newberry and Professor Heer 
have identified those of trees belonging to the genera Populus, (poplar,) 
SaliXy (willow,) Alnm, (alder,) Platantts, (sycamore,) Liriodendron^ (tulip,) 
FicuSy (fig,) and many others. In the history of geology no dicotyledo- 
nous leaves have been found in fossil condition in rocks older than the 
Cretaceous era. As they are found here in beds lying underneath rocks 
containing well-known Cretaceous fossils, their age is beyond a doubt. 

The discovery of these vegetable impressions in sandstones of the Cre- 
taceous period at this locality has afforded to geologists an instructive 
lesson. A geologist of high character, and one of the best botanists in 
Europe, Professor Heer, declared these plants to be of Tertiary age, and 
even identified some of them with plants already known in the Old 
World in the Tertiary rocks. 

In 1863 Professor Capellini, of the University of Bologna, Italy, and 
Professor Marcou, of Switzerland, made a journey up the Missouri River 
lo study these rocks, and to settle this vexed question. 

The results of their labors were published in the French and Swis& 
geological journals. The article of Professor Capellini was first trans- 
lated by me in this country for Silliman's Journal. 

Professor Capellini, in a short but very interesting article, confines his 
observations mostly to the rocks of the Dakota group, and remarks that 
he does not hesitate to regard the observations of American geologists 
as entirely just. The following remarks close the article of Professor 
Capellini: 

" After all we have observed in relation to the environs of Sioux City, 
it is easily seen that a strati graphic series so complete, throws a clear 
light upon the isolated facts first noticed at Tekamah and Blackbird 
Hill, and indicates the exact position of the rocks with dicotyledonons 
leaves, analogous to the Tertiary leaves of Europe, but belonging in re- 
ality to the Chalk. 

"It may be estimated that the thickness of these Cretaceous strata in 
the environs of Sioux City is about forty meters. They may be divided 
into two distinct parts, one rich in leaves, a fresh-water formation ; the 
other truly chalky, with fishes and Inoceramtts of marine origin* 
Both are probably not older than the chalk of Maestricht. 

"This has been my opinion from the time I admitted that the dicoty- 
ledonous leaves of the Big Sioux and Tekamah were Cretaceous. 

"Oucd the age of the Molasse with leaves established by the aid of 
the stratigraphy and the animal fossils, it would be interesting if it were 
possible to arrive at the same results by the vegetable remains. On this 
account Professor Heer came to my aid and investigated the specimens 
I collected in my explorations. More than a dozen species were recog- 
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nized among the leaves from Tekamah, Blackbird Hill, and Big Sioux, 
but it was especially the first locality which furnished the best speci- 
mens. 

"We are convinced that when observations are exact and determina- 
tions made from careful examination of specimens, there is never any 
disagreement between stratigraphical and paleontological laws." 

The remarks of Professor Heer, which preface his descriptions of the 
fossil plants by Professor Capellini, are so interesting and important that 
we copy them entire : 

" The collection of Mr. Capellini contains sixteen species ; four are 
badly preserved, twelve are determinable ; nevertheless^ of the latter 
several are but fragments, so that their determination is difficult and not 
sufficiently positive. This is especially the case with PhylliteSj which I 
have referred to the genera Flatanus and Andromeda, 

" It is certain that all the leaves found by Mr. Capellini are dicotyled- 
onous, and with great probability one may be referred to the genus Fi<m8j 
one to SaliXj one to DiospyruSj two to Populus^ and two to Magnolia, 
although there are no accompanying fruits or other parts to confirm 
these determinations. These genera are yet living, and they are also 
found in the Tertiary formations. 

*' If we compare these plants of Nebraska with the Cretaceous plants 
of Europe, we find no identical species among them. I sent drawings 
of them to Dr. Debey, of Aix-la-Chapelle, who discovered in that locality 
a Cretaceous flora. He has written to me that he has not found one 
species identical. Even the greater part of the genera are different. 
There is but one Cissite, (C axseroides, Debey,) which recalls slightly the 
C. insignia. (Plate 4, Fig. 5.) The Cretaceous plants of Henant, Bel- 
gium, those of Blankenburg and Quedlinburg, are also very different. 

" Professor Schenck has recently sent to me a collection of plants of 
Quedlinburg for determination. Besides conifers and ferns characteristic 
of the Chalk, it contains dicotyledonous leaves, but no forms like those 
of Nebraska. The Cretaceous flora of Moletein, Moravia, which I have 
lately studied, exhibits more resemblance. It contains two species of 
FicttSy which much resemble the Ficus of Nebraska, two superb species 
of Magnolia, one with a fruit-cone. 

" There is a relationship between the flora of Nebraska and that of 
the Upper Chalk of Europe, although identical species are wanting. But 
to the present time no characteristic genus of the Cretaceous flora of 
Europe has been found in Nebraska. 

** If we compare the plants of Nebraska with the Tertiary plants we 
find no identical species, but seven genera (Populvs, Salix, Ficusy Flata- 
nus, Andromeda, JDiospyrus, and Magnolia,) are Miocene, and likewise 
living. 

" It then appears that the Nebraska flora is related more to the Ter- 
tiary than to the Cretaceous flora of Europe, a fact which struck me when 
I first saw drawings of the former. But it should be remarked that we 
know but a very small number of American species, and on the other 
hand the European Cretaceous flora has more relationship with Tertiary 
flora than I at first supposed. I have found in the Cretaceous flora of 
Moletein, Moravia, species of Ficus and Magnolia which resemble Terti- 
ary species ; a Myrtacea, which is a near neighbor to the Ucalyptus 
rhododendroides (Mass.) of Mt. Bolca, a Juglans and a Laurinea, which 
also have their analogues in the Tertiary flora ; a Finus and two other 
conifers which belong to the genus Sequoia, which was extensively dis- 
tributed in Europe and America in the Miocene epoch, and which is now 
only found in California. 
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*» As the Cretaceous fishes are more nearly related to the Tertiary than 
to the Jurassic fishes, the Upper Cretaceous flora is also entirely different 
from the Jurassic and more nearly allied to the Tertiary floras, audit ap- 
pears that in America the relation between the Tertiary and Cretaceous 
floras is yet more intimate than in Europe. 

" It is remarkable that the plants of Nebraska (as Magnolia and Liri- 
odendron) present relations with the existing flora of America, while 
the Cretaceous flora of Europe has more of an Indo-Australian character. 
It thus appears that since the Cretaceous epoch the American flora has 
not undergone a change so great as the European flora. While the Cre- 
taceous flora of Europe is entirely different from the existing European 
flora, that of Nebraska contains eight genera yet found in America, and 
it is the more remarkable that the greater part are yet found in a coun- 
try undei; the same latitude.'^ 

Professor Heer describes the following species of plants from this 
group in this memoir : 

Populus litigiosa, (f) Deheyanay Salix nervillosa^ Betulites denticulata, 
Ficus primordialis^ jPlatanua (?) newherryana^ Proteoides grevilleceformis^ 
P. daphnegenoideSj P. a^uta, Aristolochites dentata^ Andromeda parlatoriij 
Diospyrus primwvus^ Cissites insigniSy Magnolia alternansy M, capelUnij 
Liriodendron meekicdy Fhyllites vanonce. 

One instructive lesson is derived from the mistakes of these eminent 
men that, in the progress of geological development, America was almost 
or quite one epoch ahead of Europe — that the fauna and flora of the 
Cretaceous period in this country were really more nearly allied to those 
of the Tertiary period in Europe, and that, geologically speaking, 
America should be called the Old World and Europe the New. This 
point will be again alluded to in our remarks on the Tertiary rocks. 

Again, there is evident simplicity in the form and ornamentation of 
these leaves, which marks the dawn of the appearance on this planet of 
trees like our forest, fruit, and ornamental trees. 

The beauty of foliage in our present dicotyledonous trees is largely 
due to the serrations and various forms and patterns which they present ; 
but, so far as my observations have extended, the reverse is the case 
with this Cf'etaceous vegetation for the most part — thus slowly progress- 
ing through the Tertiary period from simplicity up to greater complexity 
and beauty. 

The question would arise naturally. Have any remains of land animals 
been found in this group mingled with these vegetable impressions? 
None have yet been observed along the Missouri at this locality; and as 
they have now been studied with considerable care, we may never find 
any. That land animals did exist we cannot doubt, for the forests which 
furnished these leaves could not have existed far away. 

The leaves are so perfect that they could not have been transported 
to a great distance before they were imbedded in the sand. On the 
eastern slope of the Big Horn Mountains there are a series of beds which 
hold a position between the Jurassic beds and the Fort Benton group, 
which I have referred to the Dakota group. 

Here occur bedsof impure earthy lignite, large quantities of silicified 
wood and uncharacteristic bones, which Dr. Leidy thinks belonged to 
some huge saurian. No remains of strictly land animals have ever been 
found. 

The geographical extension of this group of rocks outside of this State 
has been found to be very extensive. The belt of country occupied by 
them in Nebraska runs nearly southeast and northwest, and is from 60 
to 80 miles wide, extending far south into New Mexico, and possibly 
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farther northward into Iowa and Minnesota, and probably far up 
into British America. It is believed also to occur all along the Eocky 
Mountains, although as yet no positive proof from fossils has been ob- 
tained. 

There is a series of beds between well-known Cretaceous and Jurassic 
rocks in those regions, which has been regarded as belonging to the 
Dakota group ; also, near the sources of the Missouri, is a series ot 
beds differing from any other yet described, containing many species of 
shells and a bed of lignite, which seems to belong to this group. These 
latter beds need more careful study before the position can be positively 
fixed in this section. 

Along the Atlantic coast, especially in Kew Jersey, the lower Cretace- 
ous beds seem to be lithologically similar, in con . aining numerous dicoty- 
ledonous leaves, so that it is now regarded as the equivalent of the 
Dakota group of the West. It is, therefore, evident that this* formation 
is very widely distributed, perhaps even east and west from one ocean 
to the other. 

FORT BENTON GROUP. 

This group bears the above name from the fact that it is largely de- 
veloped in the vicinity of Fort Benton, near the sources of the Missouri 
Eiver. In ascending the Missouri, it is first seen in thin outliers below 
the mouth of Big Sioux Eiver, and on the Big Sioux six miles above its 
mouth. It is characterized as a dark leaden-gray plastic clay, but when 
saturated with water it is of a black color. 

A few fossils have been found at various localitiesj as Inoceramtts 
problematieusj Ostrea congesta^ Ammonites^ Serpula, &c. Near the mouth 
of Iowa Creek there is the best exposure of this group, as well as groups 
above and below. 

3. Gray and light-yellow calcareous marl or chalky limestone, with 
great numbers of Inoceramus prohlematicuSj Ostrea congestaj and remains 
of fishes. Niobrara division 40 to 60. 

2. Dark plastic clay, with abundant remains of fishes, J. problematicusj 
O. congestaj Ammonites peracuttts, Serpula tenuicarinata, and a species of 
oyster, like 0. congesta. Fort Benton group 30 to 40 feet. 

1. Variegated sands and clays of Dakota gi'oup, 15 to 20 feet above 
water's edge ; impressions of leaves of willow, laurel, and many crystals 
of sulphuret of iron. 

The beds of the Fort Benton group are widely distributed through- 
out the West, but in no portion has it revealed any useful minerals or 
economical rocks of any kind, to my knowledge. The black plastic clays 
may be rendered useful at some period, but it is quite doubtful. They 
are everywhere filled with sulphuret of iron. 

At the locality where the above section was taken I obtained some of 
the finest specimens of crystallized sulphuret of iron I have ever seen. 
There were also many species of selenite. So far as I know, this forma- 
tion does not exert any favorable influence on the country. 

The beds of impure coal near the mouth of Iowa Creek are very inter- 
esting in a geological point of view. At no other locality do I know of 
the existence of any seams of Carbonaceous matter. This coal is too 
impure and contains too much sulphuret of iron ever to be made avail- 
able. 



54 GEOLOGICAL SURVEY OF THE TERRITORIES. 

NIOBRARA DIVISION. 

In many respects this is the most interesting and most valuable group 
of the Cretaceous rocks in the West. Its principal character is a gray or 
light-yellow chalky limestone ; much of it is so pure as to make good 
chalk for commercial purposes. 

It would also be useful, doubtless, as a fertilizer. In ascending the 
Missouri it is first seen in thin outliers on Pilgrim's Hill, a portion of 
the Omaha reserve. It then grows gradually thicker as we ascend, and 
south of Dakota City, in the hills, it becomes ten to twenty feet thick. 
At Ponka City, Saint Helena, and mouth of the Niobrara it is exposed 
fifty to two hundred feet in thickness, exhibiting a great variety of 
color and texture. 

All along the Missouri this rock is much used for the construction of 
buildings with success. The fact that so large an area of country exists 
below the first appearance of this formation destitute of any rock for 
lime must render this group of much economical importance to the 
settlers. Its soft, yielding nature gives rise to long ranges of precipitous 
blulfs along the river. 

It is easily cut into innumerable ravines by the temporary streams, 
and these bluffs often present the appearance of a series of cones. 

This formation extends up the river to the foot of the Great Bend, 
where it passes beneath the water-level. The fossils in this group are 
few in the number of species, but the individuals are abundant. Layers 
of considerable thickness are mostly composed of the shells of Inocera- 
mu8 problematicus and Ostrea congesta- 

Fish-remains of great perfection and beauty also are found. Only a 
few good specimens have ever been taken from the rock; but the 
myriads of fragments, as bones, scales, and fins, show that they existed 
in great abundance in the Cretaceous seas. The connection of this group 
with the Fort Benton group below is quite plain, there being no line of 
demarkation in most localities. At Saint Helena, however, the trans- 
ition is abrupt, passing directly from the black plastic clays of the one 
to the yellow chalk ot the other. 

This fact seems to me to show clearly that the grouping of these 
formations in the manner already done is correct. 

Between the Dakota group and the group above there are transition 
rocks at different places which obliterate any abrupt break, while at 
other localities the break is evident. 

All our investigations show more and more clearly that in the Creta- 
ceous series of the West there are three divisions paleontologically and 
five groups lithologically. 

The Niobrara division undoubtedly extends all along the mountain 
elevations; but it seems to possess an intermediate character between 
Nos. 2 and 3, as seen on the Missouri Uiver, so that it is difiBcult to 
decide to which the rocks belong, the Ostrea congesta being common to 
both. This formation, like the Dakota group, extends across the 
country, in the form of a belt or zone, southeast and northwest. 

It is found extending north high up the Big Sioux, Vermillion, and 
James Eivers, in Dakota Ter^ritory, and southward into Kansas ,and 
New Mexico. 

FORT PIERRE GROUP. 

This formation is most largely developed from the Great Bend to a 
point 200 miles above Fort Pierre. It begins to make its appearance on 
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the summits of the hills near the mouth of the Niobrara, and soon gives 
the character to the country. The surface underlaid by this formation 
looks barren and arid, and is really the commencement of the reputed 
sterile belt southward. It is composed mostly of laminated shaly clay, 
is usually quite uniform in its composition and texture, and contains so 
much alkaline matter that it prevents the growth of most plants except 
those that are peculiar to such soil. 

The hills above Fort Randall, on both sides of the Missouri, have a 
barren, black appearance, and are often called the " burned hills" by the 
voyageur. Sometimes numerous masses of selenite are scattered over 
these hills, which, glistening in the sun, have suggested the name of the 
" shining hills.'' The burned appearance is undoubtedly due to tljie de- 
<;omposition of iron pyrites by exposure to the atmosphere or water. 

When much vegetable matter exists in the beds, as in the Niobrara 
group at one locality near Bijoux Hills, and in the lignite Tertiary beds, 
it takes fire and bakes the superincumbent beds of rock, so that the 
remains look in the distance like a pile of ruins. 

Inasmuch as the rocks of the Fort Pierre group do not occupy any 
<;onsiderable portion of the State of Nebraska, I shall not discuss their 
character to any extent in this connection. It makes its appearance 
only in a few localities, as an overlapping rock south of the Niobrara 
River, and therefore exerts comparatively little influence on the country 
below that point. 

The eroded materials of the rock are no doubt mingled greatly with 
the superficial deposits which cover the northern portions of the State. 
It is suflScient to remark that it occupies a vast area in the Territories 
of the Northwest, and that it has yielded many most interesting organic 
remains. It is in many instances intimately blended with the group 
above, which we have designated in the section as the Fox Hills group. 
This latter group is not found in Nebraska at all, but is seen in its 
typical condition on a conspicuous and quite fertile ridge of land 
between the Big Cheyenne and Cannon Ball Rivers, higher up on the 
Missouri. It extends from the eastern side of the Black Hills across 
the country northeastward. These beds give a more cheerful appear- 
ance to the country; there is more timber, and springs of pure water 
are common. It is also full of organic remains of great variety and 
beauty. This is an arenaceous deposit for the most part, and has doubt- 
less contributed its share toward giving fertility to the Nebraska soils- 

TERTIARY FORMATIONS OF NEBRASKA. 

These formations in the Valley of the Missouri present features of the 
highest interest to the geologist, and perform a prominent part in reveal- 
ing the geological history of the West. They mark the dawn of those 
internal forces which culminated in the present configuration of the vast 
area between the Mississippi and the Pacific Ocean. So far as known, 
only the more modern Tertiary deposits of the fourth basin occur within 
the limits of the State of Nebraska. But in order that the relations of 
these deposits may be shown to chose of the Cretaceous period, and 
the connection ot the basins with each other, 1 shall give a brief descrip- 
tion of them all in their order. The following general section of the Ter- 
tiary deposits of the Northwest will show their extent and relation to 
«ach other in order of time : 
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General section of the Tertiary rocJca of Nebraska. 



so 
08 

>Z5 



'3 



o 

(4 



Subdivisions. 



Fine loose sand, with some layers of lime- 
stone ; contains bones of Caiiis, Felis, Cas- 
tor, Egaus, Mastodon, Testndo, &c., some 
of which are scarcely distingnishable from 
living species ; also Helix, Pnysa, Succinea, 
probably of recent species. All fresh wa- 
ter and land types. 



u 

$ • 

> 00 



^ 



•32 

o 



White and light-drab clays, with some 
beds of sandstone, and local layers of lime- 
stone; fossils: Oreodon, Titanotherium, 
Chaeropotama8,Rh1nocero8,Anchitheriam, 
HysBnodon, Machairodas, Trionyx, Tes- 
tudo, Helix, Planorbis, Limnaea, petrified 
wood, &c. — all extinct. Ko brackish water 
or marine remains. 
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Light-gray and ash-colored sandstones, 
with more or less argillaceons layers ; fos- 
sils : fragments of Trionyx, Testndo, with 
large Helix, Vivipara, petrified wood, &o. 
No marine of brackish water types. 



Beds of clay and sand, with ronnd ferm- 
ginous concretions, and numerous beds, 
seams, and local deposits of lignite ; great 
numbers of dicotyledonous leaves, stems, 
&o., of the genera Platanus, Acer, Ulmus, 
Populus, &c., with very large leaves of true 
fan-palms ; also Helix, Melania, Vivipara, 
Corbicula, Unio, Ostrea, Potamomya, and 
scales Lepidotus, with bones of Trionyx, 
Emys, Compsemys, Crocodylus, &o. 






Localities. 



On Lonp Fork of Platte River, ex- 
tending north to Niobrara River, 
and south to an unknown distance 
beyond the Platte. 



Bad lands of White River, under 
the Loup River bed. on the Niobra- 
ra, and across the country to the 
Platte. 



I 

I 



6 

S 



S 



Wind River Valley i also west of 
Wind River Mountains. 
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Occupies the whole country around 
Fort Union, extending north into the 
British possessions to unknown dis- 
tances; also southward to Fort 
Clark ; seen under the White River 
group, on the North Platte River, 
above Fort Laramie ; also on west 
side of Wind River Mountains. 
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The details of all these formations will be discassed more fully in the 
final report. 

Commencing with the oldest of these Tertiary basins, we have — 

1st. Judith Eiver basin, which is located near the entrance of the 
Judith into the Missouri, and is separated by the latter river into two 
nearly equal portions. It covers an area of about fifteen to twenty miles 
east and west, and forty miles from north to south. 

This basin is one of much interest, as it marks the dawn of the Ter- 
tiary period in the West, by means of the transition from brackish to 
strictly fresh water types. It is also remarkable for containing the 
remains of some curious reptiles and animals, reminding the paleon- 
tologist of those of the Wealden of England. 

2d. The great lignite basin which occupies all the country from Heart 
Eiver to the Muscle-Shell — most of the Valley of the Yellowstone — 
extends for an unknown distance northward into the British possessions 
and southward at least to the North Platte, where the beds of the fourth 
basin overlap, coming to the surface again at Pike's Peak, and extend- 
ing to Eaton Pass, in Kew Mexico. 

The limits of this great basin have not yet been determined. Although 
not known to occur within the present defined limits of the State of 
Nebraska, it will undoubtedly have an influence on the prosperity of 
the State, on account of the extensive lignite beds which occur in it. 
Along the Missouri and Yellowstone Eivers are forty or fifty beds of 
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lignite, varying from one to seven feet in thickness, of various degrees 
of purity. 

In the vicinity of Denver, Colorado Territory, according to Mr. E. L. 
Berthoud, civil engineer, there are several beds of lignite twelve to 
eighteen feet in thickness, which must furnish an immense mass of fuel^ 
which will soon become accessible to the people of Nebraska through 
the Union Pacific Eailroad. 

" Our coal-seams extend, to my knowledge, sixty mile due east from 
Pike's Peak, in one direction, south to Eaton Mountains and the Eaton 
Pass, and northward to near Denver, on Cherry Creek, and on the west 
side of the South Platte as far north as the Cach6 la Poudre, and to the 
foot of the main mountain-range. 

" Here, in Golden City, we have a large outcrop of coal, which has 
been opened successfully, and which inclines toward the town. In one 
of the newly-opened mines on the same outcrop of the Golden City vein, 
which lies north on Coal Creek, about nine miles from Golden City, I 
saw, in 1861, the trunk of a tree taken out of the 11-foot vein then 
opened and mined, which trunk, though turned into coal of a good 
quality, exhibited carbonized bark, knots, and woody fiber, with con- 
centric rings of growth, such as our dicotyledonous trees plainly show j 
indeed, one of the miners remarked that, from the bark, and the grain 
and fiber of the coal, it was very much like bitter cotton- wood, {Populus 
mngulata^) examples of which grow close to the mine. 

" In 1862, while on a scout east of Pike's Peak sixty-five miles, I found 
a bed of coal almost identical with the Golden City bed, nine feet thick, 
lying almost horizontal, with bluffs one and a half mile north contain- 
ing fine specimens of belemnites. 

"Again, in November, 1866, 1 went northeast of Golden City to see 
the coal-beds on Eock Creek, sixteen to nineteen miles distant. I found 
beds of coal fourteen to eighteen feet in thickness, almost horizontal, or 
dipping eastwardly at a small angle ; above them, ferruginous sand- 
stone, and vast beds of bog-iron ore and clay iron-stone, in nodules, with 
numberless fragments of bones. In the sandstone I have obtained fos- 
sils like hippurites, but in none of the beds so far have I found a single 
marine or fresh- water shell, with the exception I have before mentioned. 

" Everything that I have so far seen points out that the coal is either 
Cretaceous or Tertiary, but I believe it to be Tertiary, or of the same age 
as the coal near Cologne, on the Ehine; but I am perplexed at the 
inversion of the dip of the coal, sandstone, and the iron ore, which here 
incline toward the mountains instead of away from them, and nothing 
else that I have observed can compare with these tilted- up beds. 

" I have not time now to follow up this subject, nor to give you all 
the data that I have gathered so far ; I shall report to you in full in 
regard to the points you mention, but will give you, as soon as time 
X)ermits, a full report, with elevations, profiles, &c. ; also some speci- 
mens to prove the relative age of the strata shown in my sketch." 

In the newspapers may be seen advertisements of coal for sale, so 
much per ton delivered, and so much at the mine. 

This coal, as well as that at Eaton Pass district, is of Tertiary age, 
and it is questionable whether the true Coal-Measures furnish any coal 
in any portion of the Eocky Mountain region. 

3d. The Wind Eiver deposits, which occupy an area about one hun- 
dred miles in length and forty to fifty in breadth. 

These deposits are located between the Wind Eiver and Big Horn 
Mountains, and are of no economical importance. 

4th. The basin of the Mauvaises Terres, or Bad Lands of White Eiver^ 
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covers a large region, at least 100,000 square miles, and from isolated 
patches on both sides of the Missouri River, I would infer that this 
great fresh-water lake must have spread over 160,000 square miles. It 
is this latter formation which covers the greater portion of Western 
Nebraska. The colors on the geological map will show the area. The 
Cretaceous beds occur along the Niobrara for eighty to one hundred 
miles above its mouth ; then the loose sandy and marl beds of the Ter- 
tiary basin overlap them. From thence to the source of the Niobrara, 
about three hundred miles, the river runs through the Tertiary deposits 
only. 

This stream forms the northern boundary of the State. All of Ne- 
braska west of longitude 101^ is occupied by the sands and clays of the 
fourth basin. 

The " Bad Lands of White River'' are so called because, being com- 
posed of indurated sands, clays, and' marl, they have been so cut up 
into ravines and canons by streams, rains, and other atmospheric agen- 
cies, as to leave cones, peaks, isolated columns, and towers, presenting 
the appearance in the distance of a gigantic city in ruins. 

It is so exceedingly rugged and difficult of access that it is only within 
a few years that any route but the Laramie road, which runs through 
the middle of them, was considered passable. Of late years it has been 
shown by various expeditions, both public and private, that any portion 
of the great West can be traversed with teams, if necessary. 

The Cretaceous beds of the Fort Pierre group extend along White 
River from its entrance into the Missouri, except about fifty miles near 
the forks, where the White River Tertiary overlaps them. 

Even now some isolated patches of Tertiary are seen, as Medicine and 
Bijoux Hills. 

From the forks or the junction of Little White River with the larger 
streams the Tertiary beds occupy the whole country to its source. All 
the intervening country between White and Niobrara Rivers is covered 
with the sands, clays, and marl of the White River deposits, but along 
portions of the Niobrara and south of that river the lower sands of the 
Loup River deposits make their appearance. Here we find a singular 
region of country called the " Sand Hills," which occupy an area of 
about twenty thousand square miles. These hills lie mostly between 
the Niobrara and the Platte, though a portion of them extend north- 
ward of that river. 

On the south side of th6 Niobrara the Sand Hills commence at Rapid 
River and extend westward about 100 ipiles. Along Loup Fork they 
commence near the forks or the junction of Calamus branch with Loup 
Fork. 

The whole surface is dotted over with conical hills of moving sand. 
These hills often look like craters or small basins, the wind whirling 
and, as it were, scooping out the sand, leaving innumerable depressions 
with a well-defined circular rim. There ig a great deal of vegetation 
scattered through this portion, grass and plants peculiar to sandy dis- 
tricts. 

Many of the hills are so covered with a species of yucca that their 
sides are well protected from the winds by their roots. It is the favorite 
range for buffalo and antelope, and these animals become very fat, 
and from this fact we may infer that this district may be adapted for 
grazing purposes. It can never be used for purely agricultural pur- 
poses. 

Traveling is also very difficult among these hills ; the wheels sink 
deep into the loose sand, rendering it impossible to transport loaded 
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teams through them. The water, though not abundant, is usually quite 
good, mostly in small lakes. 

There are also many alkaline lakes, which may be readily distin- 
guished from the fresh-water by the absence or presence of vegetation 
around their borders. We may therefore conclude that an area of 
20,000 square miles forming the northwestern portion of the State is 
totally unfit for cultivation, and is even doubtfully suitable for grazing. 
There is scarcely any timber on the whole area. Along the Platte and 
south of that river the surface is less sandy and the soil more fixed, so 
that there is at least a moderate degree of fertility, but the absence of 
timber and timely rains will render the whole quite undesirable for the 
farmer. 

As I have before remarked, the cultivation of crops and the planting 
of forest-trees by the settlers farther to the eastward may so modify 
the climate as to produce a more equable distribution of moisture 
throughout the year. But at present I do not see how it can be settled 
except by a pastoral people. 

Although these Tertiary deposits cover so extensive an area and con- 
tain no minerals of any economical value, and are of greatly diminished 
value for agricultural purposes, yet for the geologist they offer the most 
tempting treasures in the abundance of curious organic remains. 

Two most remarkable extinct faunae are found here, namely, the faunae 
of White Eiver and that of the Niobrara, including the Loup Fork. The 
first is found in what is called the "Bad Lands" proper, along White 
Eiver and its tributaries. 

The first animal remains noticed from this deposit were described by 
Dr. Leidy in the Geological Eeport of the Northwest by Dr. D. D. Owen. 

The lowest bed of this portion of the Tertiary basin is composed mostly 
of clay and is called the Titanotherium bed, from the circumstance 
that it contains the bones and teeth of this gigantic pachyderm. There 
was also a Hyopotamus and the Lophiodon. It would seem as if the 
earlier condition of this lake was that of a great marsh in which these 
animals of the hippopotamus tribe could wallow at pleasure. 

The next stratum above is called the Oreodon bed, from the remains 
of vast numbers of this genus that occur there. 

There were three species, Oreodon major ^ 0. minor y and 0. culbertsoni. 
The latter was the most abundant, and seems to have existed in flocks like 
the antelope of the prairies. Dr. Leidy has already examined portions 
of more than 700 individuals of this species. It was a ruminant hog, 
chewing its cud, and at the same time possessed of canine teeth for tear- 
ing flesh. 

There were also three species of the hyena family, a saber-toothed 
tiger, and a gigantic weasel. The saber-toothed tiger would have tre- 
mendous conflicts with the hyenas, and the wounds still can be seen in 
the skulls. 

In one of the skulls of a hyena, completely changed to stone, can be 
seen two wounds on each side of the nose, which had partially healed 
before the death of the animal, and the apertures just fitted the canines 
of a skull of a hyena that was found in the same locality. 

There were also two species of rhinoceros, which must have been 
somewhat similar in their habits to those of the present day, but were 
supposed to have been hornless; one of them was about as large as the 
Asiatic species and the other about two-thirds as large. This White 
Eiver fauna composed about thirty-five species, all of them extinct 
forms, and all restricted to this locality. 

The fauna of the Niobrara is all extinct, and more recent in age, be- 
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longing to the Pliocene period, which in other countries contains more 
or less species identical with living ones. 

But this fauna comprises more than thirty species, all of them new 
to science, and not one of them identical with any living species. Over 
thirty species have been found along the Niobrara and Loup Fork, and 
others may be looked for on more careful examination. 

Among the camivora were four species of wolves, one about the size 
of the large wolf of the plains, the others of smaller size ; two cats, one 
intermediate in size between the panther and lynx, and the other nearly 
as large as the panther. 

Among the rodentia was a porcupine about the size of the crested por- 
cupine of Europe, and a small beaver about half the size of the living 
one. Of the ruminants there were some remarkable species — two species 
of deer, about the size of the common red deer of this country, and four 
species of camel, one about the size of the common Bactrian camel, a 
second species two thirds as large, and the third about the size of the 
llama of South America. The fourth species was closely allied to the 
living camel, but was of smaller size. Another species was more nearly 
allied to the mountain-sheep, another w£ts ruminant — hogs like the 
Oreodon of White Eiver. The solipedia were remarkably well rep- 
resented, there being remain^ of not less than a dozen species of horses. 

There were two species of the genus JEJquus; one of them (U, eiccelsus) 
was about the size of the largest varieties of the living species; the 
other was smaller. The remainder were of various sizes and forms ^ one 
of them was not larger than a Newfoundland dog. 

It is the law in animal development that groups reach their culmi- 
nating period and decline. It would seem that during the latter Ter- 
tiary period the horse tribe reached its highest point of development, 
and that now it is on the decline. Among the pachyderms was a species 
of rhinoceros about the same size and apparently closely related to the 
living Indian rhinoceros, B. Indictis; a species of Mastodon much smaller 
than the one whose remains are so common in all parts of North Amer- 
ica in the recent quaternary deposits. 

The remains of the elephant occur in the Niobrara, which is remark- 
able for being a third larger than any other ever known, extinct or re- 
cent. In view of this fact. Dr. Leidy named it Ulephas imperator — ^the 
emperor of all the elephants. 

There was also one species of turtle in this more recent deposit, and 
a species in the White Eiver beds. The latter was exceedingly numer- 
ous in this great fresh-water lake, for the specimens are scattered all 
over the country, many of them preserved with great perfection. .We 
know that this was purely a fresh- water lake from the fact that numer- 
ous species of fresh-water and land shells of the genera HeliXy Planorbis, 
Fhysa, Linnea^ &c., are found in fine state of preservation. There are 
also some indistinct remains of fishes. From these two faunas, as well 
as the fauna and flora of other formations of this valley, there are some 
instructive lessons to be learned. 

The fauna of White Eiver, although entirely extinct as to species, 
contained representations of some living genera. The greater part 
of the fauna of the Niobrara and Loup Fork belonged to living genera, 
although every species was extinct, but the latter fauna is more closely 
allied to the living fauna of Asia than to any of our own continent. 

Indeed, it seems to have a true oriental character, and it is shown 
clearly that, geologically speaking, our continent should be called the 
Old World instead of the eastern continent. There are several other 
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instances derived from the study of the flora and fauna of the Missouri 
Valley which go to show this fact. 

In the great lignite basin the molluscous remains, although extinct, 
have their living representatives in China and Siam. 

The comparison of the flora of the Dakota group, Cretaceous, shows the 
same relationship of age, and has been alluded to before. Again, these fos- 
sil remains show that a tropical or subtropical climate previailed through- 
out this western country up to a very late period, at least to the close 
of the Pliocene. 

The prolific flora of the great lignite .basin, which is supposed to be 
of Miocene age, is at least subtropical, or similar to that of our Gulf 
States. There is a mingling of true tropical and temperate forms. One 
species of palm was found fossil on the Yellowstone, the leaf of which 
must have had a spread of twelve feet. At the present time the true 
palms are found only within the tropics. The faunas of all these depos- 
its at the different geological periods were tropical in their character, 
and from these we infer that a tropical climate prevailed over this 
country during their existence. 

The fertility of the soil of the extended area described in this report 
is beyond a question. It is for the most part covered with a great 
thickness of the yellow marl, varying from a few feet to one hundred or 
more. From Omaha City, to the mouth of Niobrara the country bor- 
dering on the Missouri is quite rugged, or one continued irregular series 
of rounded hills, as is shown in the accompanying sketch. 

These superficial deposits yield readily to atmospheric agencies, and 
these hills are formed by the myriads of temporary streams produced 
by rains. As we go farther into the interior the surface is more undu- 
lating, yet the drainage is always excellent. 

The superficial marl very readily absotbs the rain, so that even the 
most level prairie is always suflflciently drained for all the purposes 
of agriculture. The counties of Washington, Dakota, Blackbird, Cum- 
ming. Dodge, Saunders, and portions of Sarpy, Douglas, Platte, Stanton, 
and Dixon, are underlaid by the sandstones of the Dakota group, and, 
in consequence, a large quantity of silica enters into the composition of 
the soil, and hence their great reputation in the production of wheat. 
The average quantity of wheat raised on an acre in the counties above 
mentioned is from twenty-five to thirty bushels 5 forty to fifty bushels 
not an uncommon yield. 

On one farm in Sarpy County, in 1866, three thousand two hundred 
bushels of wheat were raised, and the whole average was over thirty 
bushels per acre. In Burt County, on Omaha Creek, Mr. George Smith's 
crop averaged forty-thr^e and a half bushels per acre ; Mr. Dugan har- 
vested twenty-four acres, averaging forty-four bushels. In this region 
the uplands seem to produce the best grain. Colonel Baird raised this 
year six acresof wlieat that averaged thirty- three and one- third bushels; 
Mr. Cornelia has taken from an eleven-acre lot, this year, the ninth suc- 
cessive crop, and it averaged thirty-five bushels ; Mr. Neil had twenty- 
two acres of wheat, averaging forty -three bushels. A gentleman near 
Tekama, Burt County, hoed in three acres of wheat in 1866, and 
harvested fifty-one and two-third bushels per acre. 

I have accumulated a mass of statistics in regard to the growth of 
wheat in this region, and I am convinced that twenty-five bushels per 
acre is a small yield, while forty to fifty bushels is not unasual. It is a 
curious fact that wheat raised in this district brings in the market at 
Saint Louis eight to ten cents more per bushel than wheat exposed for 
sale from any other State. 
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The great severity of the climate iu winter, and the absence of the 
thick covering of snow, renders it impossible to cultivate winter wheat, 
so that spring-wheat is the only kind raised. Dixon, Cedar, and L'Eaa 
Qui Court Counties are beginning to be settled, and good crops are 
produced } but the land is not as desirable, generally, as that farther 
south. 

The soil is thinner and drier; water is far less abundant as we pro- 
ceed northward. The basis formation of these counties is the chalky* 
limestone of the Niobrara group, and the rocks furnish moderately good 
building- stone, and it is converted into excellent lime. The eroded 
materials, also, are freely mingled with the soils of the river-bottoms, 
adding much to their fertility. 

Among the most fertile portions of the State are the bottom-lands 
of the Missouri, as the Tekama and Dakota bottoms. These bottoms 
cover so large an area that they deserve especial mention here. 

The Tekama bottom is about forty miles long, and will average five 
miles in width, and the luxuriance of the vegetation upon it attests most 
emphatically the richness of the soil. Good grass grows on it, which 
will yield two to four tons to the acre. Wheat and oats grow most 
abundantly, with comparatively little cultivation. Wheat has been 
raised here at the rate of fifty-two 'bushels by weight per acre. But 
the bottom is low for the most part, and must be somewhat unhealthy ; 
for such an abundant vegetation — almost tropical in its luxuriance — can- 
not decay without sending forth into the atmosphere more or less 
malaria. 

The water is not good in many places, though it is obtained by dig- 
ging within a few feet of the surface. The soil, to a great depth, has 
been formed by the repeated overflow of the Missouri River, the water 
of which held in suspension the clays and marls of the Cretaceous and 
Tertiary formations farther up the river, which are always impregnated 
with alkaline matters, and these have given something of their nature 
to these bottom-soils, and these alkaline earths necessarily affect the 
water. 

Above Decatur there is a second bottom, about two miles wide and 
eight or. ten in length, which is owned by the Omaha Indians. This is 
a low bottom also, which is easily overflowed in high water, but possesses 
the same fertility with the Tekama bottom. 

The next great bottom is the Dakota, upon which Dakota City is lo- 
cated. This is the most important, not only on account of size and fer- 
tility, but because it is several feet higher than the others, and is more 
healthy and seldom overflowed. The Missouri River at times makes its 
ravages upon it, removing many acres in a single season. The tillage 
of Omadi, which was formerly quite a flourishing town, located some 
distance from the channel and supposed to be safe, has been swept 
away. 

All these bottoms, as well as the immense bottom of the Platte, con- 
tain some alkaline spots which are not usually productive. I am informed 
by an old farmer on the Platte bottom that the second crop is success- 
ful, and also that a coating of manure neutralizes the alkaline influence. 
This alkaline matter increases in quantity as we proceed westward, and 
beyond Fort Kearney all the soil of the bottom is more or less impreg- 
nated with it. 

When the water has stood for a time and dried away, a whitish 
efflorescence is left on the surface. 

The valley of the Elkhorn and the valleys of its branches, Logan, 
Pebble, and Maple Creeks, are among the most fertile and beautiful in 
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the State, underlain as they are for the most part by the soft,« yielding 
sandstones of the Dakota group. The surface is gently rolling and un- 
dulating, giving to the landscape a somewhat monotonous but exceed- 
ingly beautiful appearance. 

There is scarcely a foot of land in this great valley, covering an area of 
over one hundred miles in length and fifty to sixty in breadth, that is 
not susceptible of cultivation. But the great deficiency is a suitable 
supply of stone and fuel. In this whole valley there are but few expo- 
sures of the basis rock, and these are very small. 

On the Elkhorn, about eight miles above Pebble Creek, there is an 
exposure of the limestones of the Xiobrara divisions, and two lime-kilus 
are in operation burning lime, which finds a ready market at Fremont, 
on the line of the Union Pacific Railroad. On the Logan there is one 
exposure of the lignite bed seen near Blackbird Hill, on the Missouri. 
It was discovered here by digging beneath the water-level of the Logan, 
and is not over eighteen inches in thickness — a very impure material. 

Our observations north of the Platte show plainly that there are no 
workable beds of coal in that portion of Nebraska. There are not 
probably a half dozen exposures of rock in the Elkhorn Basin, and the 
fuel consists mainly of a narrow fringe of ex)tton- wood along the streams. 
On the bluffs of the Elkhorn there are a few dwarf oaks, but not enough 
to furnish any permanent supply of wood for fuel or timber for the 
settlers. 

It is evident that the greater portion of the western half of the State 
of Nebraska must remain unsettled or be inhabited sparsely by a people 
devoted to pastoral pursuits. It is a well-known fact that the same hills or 
other portions of the West that appear the most sterile and most deficient 
in wood and water are the favorite resorts of the wild game, and that they 
become exceedingly fat. The short grasses which grow upon these sup- 
posed arid, sterile plains seem to suit the palates of the wild animals, 
and they find sufficient water at all seasons of the year. 1 would inter 
from this fact that it may yet become a fine stock-growing country, and, 
aided by the facilities to market which will be furnished by the Union 
Pacific Eailroad, I cannot but believe that some of the finest wool in 
America will one day reach the market from Western Nebraska. 

I should judge that peat beds will be found in great numbers along 
the Missouri north of the Platte, and in the valley of the Elkhorn and 
along the Platte. No effort has yet been made to search for them, and 
yet the indications are excellent. 

The raising of timber, both on the upland and lowland north of the 
Platte, is proven a success beyond a doubt. The example of Mr. Grif- 
fin, west of Omaha, on the highest land, and some experiments on the 
bottom land at Tekama, Burt County, afford ample proof. Still, so 
little has been done in the way of supplying this country with living 
forests, that I again call attention to this most vital matter to the future 
prosperity of the State. 

At Mr. Thomas's, near. Tekama, twenty -four cotton- wood trees, eight 
years old, averaged two feet and ten and one-eighth inches in circum- 
ference ; sixteen locust-trees, (Eobinia pseudo acada^) five years old, from 
seed, carefully cultivated, averaged twenty-three inches in circumfer- 
ence ; twenty-five locust-trees, six years old, from seed, but planted ou 
sod ground not cultivated, averaged seventeen and seventeen twenty- 
fifths inches in circumference. 

It will be seen by the above that cultivation of forest-trees is as im- 
portant to their success as to that of any of our annual crops. The 
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cotton-wood trees would each furnish one to two ties for a railroad, and 
the locusts good posts for a wire fence. 

This question of the planting of forest-trees is one of the most im- 
portant that can demand the attention of the citizens of the State, and 
too much cannot be said in regard to it. 

There is another question of importance to the West generally. While 
there are most abundant materials for the manufacture of brick all over 
the State, the fuel that is required to bum them forms a serious draw- 
back, and it is an important matter to ascertain whether the making of 
pressed brick would not prove in this country a success. The dryness of 
the atmosphere in this country is most favorable for the experiment. 
Mr. S. P. Reed, superintendent of construction on the Union Pacific 
Railroad, a most intelligent and liberal-minded gentleman, tells me that 
he has made the experiment at Fremont, Dodge County, where he made 
40,000 bricks in this way, and that his success was complete. This fact 
shows that a great obstacle is removed out of the way of the immediate 
settlement of a great portion of this State. 

I would here say that the numerous successful experiments upon 
building materials, and for other purposes, by this powerful and wealthy 
corporation, will be of incalculable value to the State, the future pros- 
perity of which, it seems to me, will be very largely due to its energy and 
skill. 

Very respectfully, your obedient servant, 

F. V. HAYDEN, 
United States Geologist 

Hon. Jos. S. Wilson, 

Commissioner of the General Land- Office. 
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Sir : In accordance with instructions, I have the honor to submit the 
accompanying preliminary report of geological surveys during the sea- 
son of 1868, preceding it with a brief outline of the physical geography 
of the Missouri Valley. 

Nearly all the vast area west of the Mississippi may.be divided into 
inountain and prairie, for very soon after passing westward from Leav- 
enworth there is very little timber to be seen except that which skirts 
the streams. This consists mostly of cotton-wood ; a few low oaks or 
pines are found on the dry hills, and here and there an elm or ash. The 
whole surface is undulating ; ridge on ridge and hill on hill as far as the 
eye can reach. This combination of mountain and prairie may be said 
to comprise what is generally known as the Eocky Mountain region. 
As we proceed westward, we find that the ascent is gradual, at first not 
more than one foot per mile, gradually increasing until we approach the 
mountain -elevations, when the grade of ascent becomes 40 to 50 feet per 
mile. If we examine in their order some of the barometrical profiles 
which have been made along the lines of the routes explored for the 
Pacific Eailroad, we can readily ascertain the gradual ascent, toward the 
mountain-elevations. 

Leaving Saint Louis westward, we gradually ascend, passing over a 
prairie country for the most part, for the distance of nearly 800 miles, 
and when we have reached an elevation of 6,000 feet above the sea ^e 
come abruptly to the lofty rugged peaks which compose the various 
series of elevated ridges. Examining the map of the country west of the 
Mississippi, published by the War Department, we observe that the 
immediate Rocky Mountain region is not composed of merely a single 
lofty upheaved ridge extending across the continent, but a vast series of 
ridges or ranges which, taken singly, do not seem to have any definite 
trend, but, when viewed in the aggregate, extend across the map in a 
direction nearly northwest and southeast, forming a zone or belt 500 to 
1,000 miles in width from east to west. 

From longitude 96^ westward to the foot of the mountain-ridges, the 
country traversed exhibits the true typical prairie, no timber being found 
to any extent, except that which skirts the streams. From thence to 
the Pacific coast we have what may be called thetrue mountain portion, 
which is composed of a vast number of ridges of elevation, interspersed 
with beautiful valleys, many of which are remarkable for their fertility. 
Some of the valleys are quite large and surrounded by the mountain- 
ridges as by gigantic walls. 

If we examine the barometrical profile constructed by Governor Ste- 
vens, fiom Saint Paul, Minnesota, to the foot of the mountains westward, 
we find that the former locality is 828 feet above the sea-level. Near 
the mouth of the Yellowstone, 670 miles to the westward, we find that the 
elevation is 2,010 feet above the sea, and that we have made a gradual, 
almost imperceptible ascent of, in that distance, 1,172 feet, or an average 
of nearly two feet to the mile. As we approach the base of the mount- 



68 GEOLOGICAL SURVEY OF THE TERRITORIES. 

ain-ridges, the ascent continues to increase, and when we reach the val- 
ley of Dearborn Eiver, 448 miles farther west, we ascertain that this 
locality is 4,091 feet above the sea-level, and that in the distance of 448 
miles we have ascended 2,081 feet, or nearly five feet to the mile. The 
valley of Dearborn Eiver is just at the foot of the mountains, and to that 
point the country traversed belongs to the true type of the western 
prairie. Again, if we examine the profile, commencing at Council Bluffs, 
on the Missouri Eiver, we find the elevation at that point to be 1,327 feet 
above the sea-level. Thence proceeding westward to the sources of 
Lodge Pole Creek, at the base of the Laramie range of mountains, we 
have made an ascent, while thus passing over the prairie region, of 
nearly 5,000 feet. We thus see that, in the distance of 550 miles, we 
have reached an elevation of 3,000 feet higher than our starting-point, 
by an ascent of five feet to the mile. 

Again glancing at the profile extending from Fort Leavenworth west- 
ward, we observe that at the Missouri Eiver the elevation is 904 feet 
above the sea. At the base of the Laramie range of mountains, 659 
miles west, the elevation is 6,716 feet. To illustrate the increased ra- 
pidity of ascent as we approach the vicinity of the upheaved ridges, we 
see that the elevation at the forks of the Platte is 3,000 feet above the 
sea, making an ascent from the Missouri Eiver to this point, a distance 
of 413 miles, of 2,096 feet, or about five feet to the mile. From the forks 
of the Platte to. the foot of the Laramie Mountains, a distance of 246 
miles, we find an increased elevation of 3,716 feet, or 15 feet to the mile. 
After reaching the base of the elevated ridges, the ascent is more or less 
abrupt, sometimes rising to the height of 3,000 to 6,000 feet above the 
open prairie country around. 

We might continue our remarks, in regard to the profiles, still farther 
southward, with similar results, but we have said enough to indicate the 
beautiful unity in the physical development of the western portion of 
our continent. We have shown that the whole country west of the 
Mississippi to the Pacific may be regarded as a vast plateau, and that it 
was gradually elevated until the crust of the more central portions was 
strained to its utmost tension, and that it then burst, and slowly were 
evolved the lofty ranges which, taken collectively, soon pass under the 
name of the Eocky Mountains. 

So far as my own observations have extended, there appear to be two 
types of mountain-elevations, namely, those elevations which have a 
granite nucleus and form long continuous lines of fracture with far less 
inequality of outline, and those ranges which are composed of erupted 
rocks, which are very rugged in their outline and irregular in their trend. 
The Black Hills, the most eastern outlier of the main mountain-range, 
present an excellent illustration of the first type. Very little was known 
of these mountains until they were exi:)lored in the summer of 1857 by 
an expedition placed, by the War Department, under the command of 
Lieutenant G. K. Warren, United States Army, to which expedition the 
writer was attached as geologist and naturalist. A preliminary report 
of the results of this exploration was presented to the War Department 
under the title " Explorations in Nebraska and Dakota in the years 
1855, 1856, and 1857." 

The Black Hills lie between the 43d and 45th degrees of latitude and 
the 103d and 105th parallels of longitude, and occupy an area about 
100 miles in length and 60 in breadth. According to Lieutenant War- 
ren, " the shape of the mass is elliptical and the major axis trends about 
20O west of north. The base of these hills is 2,500 to 3,000 feet above 
the sea, and the highest peaks 6,700 feet." The whole range is clasped, 
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as it were, by the north and south branches of the Big Cheyenne lliver, 
the most important stream in this region. The north branch passes 
along the i>orthern side of the range, receiving very many of its tribu- 
taries and most of its waters from it, but takes its rise far to the west- 
ward of the range, near the sources of Powder Eiver, in the " divide," 
between the waters of the Yellowstone and those of the Missouri. 

The south fork also rises in the same divide, flowing along the southern 
base of the range, and also receives numerous tributaries which have 
their sources in it. These two main branches unite about 30 miles east 
of the Black Hills, forming the Big Cheyenne, which flows into the Mis- 
souri, about 60 miles above Fort Pierre. The Moreau, Grand, Cannon 
Ball, and other rivers flowing into the Missouri, north of the Cheyenne 
and south of the Yellowstone, rise in a high Tertiary divide north of the 
Black Hills, and are, for the greater part of the season, quite shallow 
and sometimes nearly dry 5 but the Little- Missouri derives a portion of 
its waters from the Black Hills through a number of small branches 
which flow from the northwestern slope. 

We thus see that the Black Hills do not give rise directly to any im- 
portant stream, if we except the Little Missouri, afe^ branches of which 
flow from springs near the base of the hills, but afford a comparatively 
small supply of water from that source. 

We will now allude for a moment to what we believe to be the econom- 
ical value of the timber in the Black Hills to the people now rapidly 
settling Dakota Territory. As we have previously remarked in this 
chapter, these hills occupy an area about 100 miles in length, and about 
60 in breadth, or about 6,000 square miles. I think it is safe to say that 
at least one-third of this area, or about 2,000 square miles, is covered 
with excellent pine timber, or 1,280,000 acres. How is this timber to be 
made available ? As I have before remarked, the two forks of the Chey- 
enne Eiver, as it were, clasp the Black Hills, the two branches passing 
along close to the northern and southern borders of the hills. From 
four to six months of the year these streams are quite high. The logs 
could be cut and transported to the sides of these streams during the 
dry season, and when the streams are high in the spring of the year, 
they could be taken down into the Missouri Eiver with a good degree 
of safety and ease ; at least that is my impression. In a report made 
to Lieutenant G. K. Warren, March 15, 1856, 1 made use of the follow- 
ing language in reference to this matter : 

The Black Hills, which appear in the distance, and derive their name from their dark 
and gloomy appearance, contain an inexhaustible quantity of the finest timber, mostly 
pine, which will doubtless remain undisturbed for many years to come. I will, how- 
ever, propose a plan for obtaining this timber, and rendering it useful to future set- 
tlers ; though I do it with some hesitation lest it may seem visionary. The left fork 
of the Cheyenne passes through the northern portion of the Black Hills, and even 
there is a considerable stream from 30 to 50 yards wide. In the spring the river is 
much swoUen and the current exceedingly rapid, and the timber, if cut and hauled to 
the banks of the river, might be floated down into the Missouri with considerable 
safety and ease. 

At the time the above was written 1 had seen but little of the Black 
Hills, and nothing was known of the geography of the forks of the 
Cheyenne. 

The geological structure of the Black Hills may be mentioned briefly 
in this connection. The nucleus or central portion is composed of red 
feldspathic granite, with a series of metamorphic slates and schists 
superimposed, and thence upon each side of the axis of elevation the 
various fossiliferous formations of this region follow in their order to 
the summits of the Cretaceous, the whole inclining against the grani- 



70 GEOLOGICAL SURVEY OF THE TERRITORIES. 

"^ . toid rocks at a greater or less angle. There seems to be no unconforin- 
ability in these fossiliferous rocks from the Potsdam inclusive to the 
top of the Cretaceous. 

Prom these facts Tve draw the inference that prior to the elevation of 
the Black Hills, which must have occurred after the deposition of the 
Cretaceous rocks, all these formations presented an unbroken continuity- 
over the whole area occupied by these mountains. This ia an impor- 
tant conclusion, and we shall hereafter see its application to other 
ranges, and also to the Rocky Mountain rangid taken in the aggre- 
gate. 

Proceeding in a southwest direction from the Black Hills, we find 
that there are ample proofs of the connection of these hills with the 
Laramie Mountains, through a low anticlinal which can be followed for 
many miles. It is sometimes concealed by the recent Tertiary beds, but 
it re-appears at different points. By the Laramie Mountains we desig- 
nate those eastern ranges which extend from the Red Buttes southward 
to the Arkansas. This range, when examined in detail, is composed of 
a large number of smaller ranges, all, so far as I have observed, of the 
true granitic type, t The trend of the whole group is very nearly north 
and south, northward as far as Fort Laramie, where they make an ab- 
rupt flexure around to the west and northwest, and gradually cease and 
die out at the Red Buttes. From this point westward and northward, 
there is a space from 25 to 40 miles in width, destitute of mountain-ele- 
vations, though the strata exhibit evidence of dislocation or crust move- 
ments. 

Geologically the Laramie range is also composed of a granitoid nu- 
cleus, with the fossiliferous formations, Silurian, Carboniferous, Red Are- 
naceous beds, (Triassic,) Jurassic, Cretaceous, and in many places Lignite 
Tertiary, inclining from each side of a central axis at various angles. It 
is in these mountains that the numerous branches of the Platte have 
their sources, extending a distance of nearly 400 miles. From the ob- 
servations which I have made in this range, it seems to me that the 
conclusion is plain that all the above-named rocks in a nearly or quite 
horizontal position were continuous over the whole area at present oc- 
cupied by it some time during the Tertiary period. 

The most important outlier of the Rocky Mountains on the eastern 
slope is the Big Horn range, which, though somewhat irregular in the 
shape of its mass, has a general trend nearly northwest and southeast. 
It occupies an area about 180 miles in length and 50 in breadth, near 
latitude 43^ 30', and longitude 102^. The line of fracture seems to have 
partially died out as it were toward the south or southeast, and to have 
made a general flexure around to the west, the whole range soon losing 
its granitoid character and becoming entirely composed of more modern 
eruptive rocks. The eruptive portion continues westward until it joins 
on to the Wind River range, near the sources of Wind River, at the 
southern end of the Big Horn Mountains. We can trace a single anti- 
clinal across the prairie connecting these mountains with the Laramie 
range at the Red Buttes on the North Platte. We also know by the 
position of the sedimentary beds upheaved alotig the mountains that 
these mountains also form a connection with the Wind River range by 
the gradual flexure westward of the eruptive rocks. The central por- 
tion of these mountains is also composed of granite and granitoid 
rocks, with the same series of fossiliferous formations, inclining at vari- 
ous angles from each side of the axis of elevation, as are seen around 
the Black Hills and along the Laramie Mountains. Some of the more 
lofty peaks are from 8,000 to 12,000 feet above the sea, and are covered 
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with perpetual snow. We think that the evidence is quite conclusive 
that, up to the time of the accumulation of a large portion of the Lig- 
nite Tertiary beds, all these formations, from the Silurian to the true Lig- 
nite strata inclusive, were in a horizontal position, extending continu- 
ously over the whole area occupied by the mountains ; but, as they 
were slowly elevated, the central portions were removed by the erosive 
action of water. The eruptive portion, which unites .the Big Horn 
range with the Wind Eiver Mountains, is exceedingly picturesque, pre- 
senting the appearance of a connected series of basaltic cones, and so 
rugged and inaccc^ssible are they that the persevering trappers have 
never been able to penetrate them in their hunting explorations. 

Like the Black Hills, the Big Horn range does not give rise to many 
important sub-hydrographical basins. The largest stream in this re- 
gion, and one which gives name to the mountains, rises in the Wind 
Eiver range, passes through the Big Horn MountaiDS, and unites with 
the Yellowstone about 70 miles to the southward. Before reaching the 
mountains it takes the name of .Wind Eiver, and assumes the name of 
Big Horn after emerging from them. This range, however, constitutes 
quite an important feeder to the Yellowstone. Powder Eiver, which 
rises in this range by numerous branches, drains a large area mostly 
Lignite Tertiary, and pours a considerable volume of water into the 
Yellowstone, near longitude 105jo and latitude 46^^. Tongue Eiver is 
the next most important stream, which, though not draining so great 
an area as Powder Eiver, empties into the Yellowstone a much larger 
volume of water. 

The Medicine Bow and Sweetwater Mountains appear to be of the 
same character for the most part; but on the east side of the Sweetwater 
Eiver the evidence of igneous action is shown on a large scale. The 
ancient volcanic material would seem to have been elevated to a great 
height in but a partially fluid condition, and then to have gradually 
cooled, affecting to a greater or less extent the fossiliferous strata in 
contact. 

Near the junction of the Popoagie with Wind Eiver we come in 
full view of the Wind Eiver Mountains, which form the dividing crest of 
the continent, the streams on the one side flowing into the Atlantic and 
those on the other into the Pacific. This range is also composed to a 
large extent of red and gray feldspatbic granite, with the fossiliferous 
rocks inclining high upon its sides. After passing the sources of Wind 
Eiver the mountains appear to be composed entirely of eruptive rocks. 
Even the three T^tons, which raise their summits 11,000 feet above the 
ocean-bed, are formed of very compact basaltic rocks. The Wasatch 
and Green Eiver ranges, where we observed them, have the same 
igneous origin, and the mountains all along the sources of the different 
branches of the Columbia exhibit these rocks in their full force. In 
Pierre's Hole, Jackson's Hole, and other valleys surrounded by upheaved 
ridges, these ancient volcanic rocks seem to have been poured out over 
the country and to have cooled in layers, giving to vast thicknesses of 
the rocks*the appearance of stratified beds. 

The mountains about the sources of the Missouri and Yellowstone 
Eivers are of eruptive origin, and in the valley of the Madison Fork of 
the Missouri are vertical walls of these ancient volcanic rocks 1,000 ,to 
1,600 feet in height, exhibiting the appearance of stratified depositSt 
dipping at a considerable angle. As we pass down the Madison Fork 
we find some beds of feldspatbic rocks and mica and clay slates be- 
neath the eruptive layers dipping at the same angle. After passing the 
divide below the three forks of the Missouri, we see a number of par- 



72 GEOLOGICAL SURVEY OF THE TERRITORIES. 

tially detached ranges which appear to be of the same igneous character. 
In the Belt, Highwood Mountains, and indeed all along the eastern 
slope in this region, we find continued evidence of the outpouring of 
the fluid material in the form of surface beds or in layers thrust between 
the fossiliferous strata. These igneous beds thin out rapidly as we re- 
cede from the point of effusion. A large number of these centers of 
protrusion may be seen along the slope of the mountains west of the 
Judith range. 

The erupted material sometimes presents a vertical wall 300 feet high, 
then suddenly thins out and disappears. The Judith, Bear's Paw, and 
Little Eocky Mountains seem to be composed for the most part of granite 
and other rocks, with igneous protrusions here and there. I had sup- 
posed from the observations made in my former explorations that the 
central portions of our mountain-ranges were composed of feldspathic 
granite, and to a certain extent this is true of the more eastern outliers; 
but the observations during this expedition have convinced me that these 
rocks, which I have classed as eruptive, composed by far the greater 
portion of the mountain masses of the West. 

In this connection I have thought it best to remark more systematically 
in regard to the principal rivers that drain this immense area of country. 
The Missouri Biver and its tributaries form one of the largest as well as 
most important hydrographical basins in America. It drains an area 
of nearly or quite 1,000,000 square miles. Taking its rise in the loftiest 
portions of the Bocky Mountains, near latitude 4AP, longitude 113^, it 
flows northward in three principal branches, Madison, Gallatin, and 
Jefferson Forks, to their junction, and then proceeds onward until it 
emerges from the gate of the mountains, a distance of nearly 200 miles; 
it then bends to the eastward, flowing in this direction to the entrance 
of White Earth Biver, a distance of nearly 500 miles; it then gradually 
bends southward and southeastward to its junction with the Mississippi, 
a distance of 1,500 to 2,000 miles. The branches which form the sources 
of the Missouri rise in the central portions of the Bocky Mountain range, 
flowing through granite, basaltic, and the older sedimentary rocks, until 
it emerges from the gate of the mountains, when the Triassic and Jurassic 
are shown. The falls of the Missouri, extending for a distance of 20 or 
30 miles, cut their way through a great thickness of compact Triassic 
rocks. Below the falls the channel makes its way through the soft yield- 
ing clays and sands of the Cretaceous beds for about 250 miles, with the 
exception of the Judith Tertiary basin, which is about 40 miles in length. 
The Cretaceous beds continue, extending nearly to the mouth of Milk 
Biver, when the Lignite Tertiary formations commence. These are also 
composed of sands, marls, and clays, as the character of the valley wfll 
show. 

The river flows through these Tertiary rocks to the mouth of Heart 
Biver, below Fort Union, a distance of nearly 250 miles, when the Cre- 
taceous rocks come to the surface again. These latter rocks extend 
nearly to Council Bluffs, a distance of over 500 miles. I have estimated 
the distance in a straight line as nearly as possible. Just above Council 
Bluffs the Coal-Measure limestones commence, and the valley of the 
Missouri becomes more restricted, though it is of moderate width even 
below the mouth of the Kansas. 

The Yellowstone Biver is by far the largest branch of the Missouri, and 
for 400 miles from its mouth up it seems to be as large as the Missouri 
itself from Fort Union to Fort Pierre. It is navigable for large steamers 
during the spring and early summer for 300 to 400 miles above its 
junction with the Missouri. This river also takes its rise in the main 
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divide of the Eocky Mountains, near latitude 44Jo, longitude 110°, in 
a lake, as some suppose, called Yellowstone Lake, which is about sixty- 
miles long and 10 to 20 wide. Its channel is formed in rocks similar to 
that of the Missouri, about 400 miles of its course passing through Lig- 
nite Tertiary beds. The character of its valley is very similar to that 
of the Missouri. Most of the important branches of this river 1 have 
alluded to in the preceding portion of this chapter. Tongue and Powder 
Rivers, which are quite long branches, have their origin in the Big 
Horn Mountains, their channels cutting through the different rocks 
that surround the Big Horn range. Tongue- River is nearly 150 miles 
in length, and flows for the most part through the soft yielding rocks 
of the Lignite Tertiary. Powder River is from 250 to 300 miles in length, 
and also flows, nearly all its course, through the same Tertiary beds as 
Tongue River. 

Passing below Fort Union we observe on the right side of the Mis- 
souri River several large rivers, as Little Missouri, Big Knife, Heart, 
Cannon Ball, Grand Moreau, and Big Cheyenne. The Little Missouri 
receives a small portion of its waters from the Black Hills, but most of 
its branches have their origin in the prairie. The Big Cheyenne, 
though receiving most of its water from the Black Hills, takes its rise 
far west of the hills, in the Tertiary beds; but, after flowing past the 
Black Hills, wears its channel through the Cretaceous beds Nos. 4 and 
5 of the section. The other rivers mentioned above take their rise in 
the Lignite Tertiary beds near the eastern base of the Black Hills, and 
flow through Lignite Tertiary rocks until very near or quite to their junc- 
tion with the Missouri. 

The T6ton River takes its origin in the northwestern rim of the White 
River Tertiary basin, runs nearly east, for the most part through forma- 
tions Nos. 4 and 6 of the Cretaceous period. It drains an area about 
100 miles in length and 30 to 50 miles in width. The next most promi- 
nent stream is White River, which is noted for its relations to the " Bad 
Lands," and giving name to one of the most remarkable Tertiary deposits 
in the world. It takes its rise in the prairie, near latitude 42^° and 
longitude 104^, flows for a time in a northeast direction, then bends 
around so as to enter the Missouri a little south of east near latitude 
430 41' and longitude 99^^. Nearly its entire course is through the 
White River Tertiary beds, and, for the greater part of the year, its waters 
are so full of sediment that they are quite unfit for use. When they 
stand for a time a thick scum accumulates on the surface which has 
much the color and consistencv of cream. The water itself looks much 
like very turbid lime-water, and is very astringent to the taste. The 
river has generally a wide open valley, tolerably well wooded and abound- 
ing in fine grass, and has always been a private resort for the Indians. 
The road between Forts Laramie and Pierre passes along the valley for 
a considerable distance, through some of the most picturesque scenery 
in the West. It has numerous branches ; the only one of importance is 
called the South Fork, and is nearly as large and long as the main 
stream. It drains an area about 250 miles in length and 40 to 60 in 
breadth. 

The. Niobrara River is the next most important stream ; and as the 
area drained by this stream has been the subject of much interest to the 
inhabitants of Nebraska and Dakota, I take the liberty of quoting the 
minute and excellent description of Lieutenant Warren : 

* The Niobrara being a stream heretofore unknown, and one in which the people of 
Nebraska feel much interest, I shall describe it in detail. 

* Letter to Hon. G. "W. Jones relative to hia exploration of Nebraska Territory, January-, ltf68. 
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This river is about 450 milee long. From its sonrce to longitude 103^ 15' it is a beau- 
tiful little stream of clear running water^ of a width of from 10 to 15 feet, gradually 
'wideniug as it descends. Its vafiey furnishes here very good grass, abounding in 
mjBhes or prele, but is for the most part destitute of wood even for cooking. After 
flowiuff thus far it rapidly widens, till in longitude 102^ 30' it attains a width of 60 to 
80 yards ; its valley is still quite open and easy to travel along, but destitute of wood, 
except occasional pines on the distant hills to the north. In longitude 102^ 30' it enters 
between high steep banks which closely coufine it, and for a long way it is a complete 
cafioD ; here, however, wood becomes more abundant and pine is occasionally seen on 
the bluffs, while small clusters of cotton-wood, elm, and ash occupy the narrow i>oints 
left by its windings. In longitude 101^ 45' the sand-hills come on the north side close 
to the river, while on the south thev are at the distance of from one to two milee off, 
leaving a smooth road to travel on along the bluffs ; the bluffs gradually appear hisher 
and higher above the stream as it descends until they reach the neight of 300 feet. The 
sand mostly ceases on the north side in longitude 100^ 23' ; but it lies close to the 
stream on the south side nearly all the way to the Wazihonska. Throughout this sec^ 
tion, lying between longitude 102^ and longitude 99*^ 20', a distance of 180 miles, the 
Niobrara is in every respect a peculiar stream, and there is none that I know of that it 
can be ^compared with. It flows here between high, rocky banks of soft, white, and 
yellowish calcareous and siliceous sandstone, standing often in precipices at the water's 
edge, its verticality being preserved by a capping of hard grit. It is here impossible 
to travel any considerable distance along its immediate banks without having fre- 
quently to climb the ridges which rise sometimes perpendicularly from the stream. As 
you approach from the north or south, there are no indications of a river till you come 
within two or three miles of the banks, and then only by the trees, whose tops occasion- 
ally rise above the ravines in which they grow, so completely is it walled in by high 
bluffs which inclose its narrow valley. The soft rock which ibrms the bluffe is worn 
into the mol^t intricate labyrinths by the little streams, all of which have their sources 
in beautiful gushing springs of clear cold water. In these small deep valleys the grass 
is luxuriant ; pine, ash, and oak are abundant ; cherries, currants, gooseberries, plums, 
and grapes grow in profusion in their season ; elk, deer, and other animals find here 
their choicest liannts, and here they congregate during the snows and cold of winter. 
The region is a perfect paradise for savage life, and the brutes who now have possession 
of it probably value it as highly as ever human being did a home. Their indignation 
was great at our intrnsion among them, and they were earnest in declaring that the 
white man should never dispossess them while they lived. To the agriculturist this 
section has, however, comparatively little attraction, and that between longitude 99° 
20' and the mouth, an extent of about 90 miles, is perhaps far more valuable. Here the 
bottoms will probably average a width of a quarter of a mile ; are susceptible of culti- 
vation ; and cotton-wood, oak, walnut, and ash will furnish settlements with all the 
timber and fuel they will need. The river-banks seem to present no good building- 
stone, nor did we, though searching diligently, discover any signs of valuable coal or 
other minerals. In describing the tributaries to the Niobrara, I shall begin at the 
mouth and take the north side first. The Ponka River, which has a very fine, well- 
wooded, and fertile valley, runs into the Missouri, about five miles north of the Nio- 
brara, in latitude 42^ 48' north. Its course is parallel and near to that of the Niobrara, 
as far up as the mouth of Turtle Hill River. Turtle Hill River (Kehah Paha) is the 
main branch of the Niobrara, and is about 120 miles long. I crossed it, in 1855, sixty 
miles above its mouth, and it has a very fine valley one-half to three-fourths of a mile 
wide, with good soil and a limited quantity of fine cotton-wood timber. The bed of the 
stream is sandy, and its waters are clear and sweet ; width at the mouth, fifty yards. 
The first 20 miles of the space between this branch and the main river is occupied by 
sand-hills. 

The next northern branch which joins the Niobrara, in longitude 100° 23', is named 
Minicha-Duza-Wakpa, or Rapid Creek. At its mouth it is about eight yards wide, with 
a valley about a quarter to a half mile wide, and a soil quite fertile ; the banks are 
scantily fringed with small trees. It forms about the eastern border of the sand-hills 
oh the north side of the Niobrara as far as we could see. Its length is about 50 miles. 

The mouth of the next stream is in longitude 101"^ 18' ; it has scarcely any appreciable 
valley, flows between high, rocky blufts, difficult to ascend and descend ; it is about 
fifty yards wide, with clear, deep, swift-running water, and is probably about 35 mUea 
long. 

The mouth of the next northern tributary is in longitude 101<^ 30', and is called White 
Earth Creek ; it is about three-fourths the size of Rapid Creek, which it resembles in 
every particular, and is about 25 miles long. The next, in longitude 102°, is a small 
spring rivulet about 26 miles long ; and above this the branches are all small runs 
coming from the blufl's, generally dry except after rains, with scarcely any valleys to 
speak of. 

Oo the south side of the Niobrara there are numerous small branches coming in be- 
tween its junction with the Missouri and the point where it receives the waters of the 
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Turtle Hill River. Three of these are of considerable size, probably 35 miles long, the 
bltuGGs along nearly all of them being more or less covered with scattered pine, and 
their valleys occupied with clumps of cotton- wood, oak, ash, &c. 

From the mouth of Turtle Hill River to that of the Wazihonska there are still a 
greater number of short southern branches, all containing springs of water and abound- 
ingin pine and beautiful oak groves. 

Wazihonska means in Dakota tongue " the place where the pine extends far out ;" 
and this stream, whose mouth is in longitude 100^, is probably 40 miles long, and all iti^ 
bluffs and side ravines are green with pine. Its valley, though not so wide, is very 
similar to that of the Niobrara in this part, which has been described. 

Snake River, whose mouth is in longitude 10(F 45^, is quite a large stream, some 3C 
yards wide, its bluffs covered with pine, with a narrow valley like the Wazihonska. 

Above this there is scarcely any branch coming in from the south deserving mention. 

Niobrara is a very shallow and ^* swift-flowing stream," as the Canadians say, L'eau 
qui court, abounding in rapids in two-thirds of its upper course, and in its middle por- 
tion filled with small islands. In the lower portion its width exceeds that of the Mis- 
souri River and is spread out over sand-bars. The bed in the broad portions is quick- 
sand and difficult to ford. Its waters rapidly increase in volume through its middle 
portion, from the multitude ot springs and streamlets that constantly flow into it from 
the foot of the bluffs and out of the ravines. It furnishes no navigation, except it 
might be for light fiat-boats during floods, and probably might be used for rafting. 
Lo^ could be driven if the timber should be found of a quality, quantity, and acces- 
sibility to defray the expenses. I cannot, however, look upon it as capable of furnish- 
ing timber for the country on the Missouri, for the reason that much of the pine is too 
small, crooked, and knotty, and grows ii*^ places difficult to transport it from. The 
species is what is called the Rocky Mountain pine, has a yellowish-white appearance, 
and abounds in resin. The distance on the Niobrara over which these pine ravines 
extend is about 120 miles. 

A road could not be made on the bottom-lands of the Niobrara ; it must keep out on 
the high prairie so as to head the ravines. From the mouth to Turtle Hill River, it 
would take the narrow divide between the Niobrara and Ponka Rivers. It should 
remain on the north side of Turtle Hill River from 20 to 30 miles farther, and then 
cross that stream, as it would thus avoid the sand at the junction of the Niobrara and 
Turtle Hill Rivers, and cross the latter where there is a better ford or narrower stream 
to bridge. Turning then toward the Niobrara, the river must be crossed in longitude 
101° 20° to avoid the sand-hills, and the route must continue on the south side to about 
longitude 102*^, when it should again cross to the north side. These crossings for a 
wa^on-road could easily be made at a ford or by bridging, but a proper bridge for a 
rai&oad-crossing at these places would be a stupendous undertaking ; for on account 
of the nature of the banks and ravines good approaches could not be found so as to 
descend to the level of the stream, and the bridge would have to be built very high. 
From longitude 102° west there are no difficulties beyond a scarcity of wood in reach- 
ing Fort Laramie, or continuing direct to the South Pass, and in this course abundance 
of excellent pine would be found near Rawhide Peak. 

A preferable road might be found by continuing up Turtle Hill River to its source, 
and then along the divide between Niobrara and White Rivers, striking the former 
stream in longitude 102° ; but these divides are generally bad for wagon-routes on ac- 
count of scarcity of water, and it is not certain that we would by that route avoid the 
sand-hills. 

The area ocenpied by the Niobrara is about 450 miles in length from 
east to west, and from 40 to 60 miles in width from north to south. 

The next sub-hydrographical basin, and perhaps in many respects the 
most important one in the Missouri Valley, is that of the Platte, which 
flows into the Missouri Kiver near latitude 4lo 3' 24". Its valley forms 
a natural gradclbr a railroad to the foot of the mountains, and already 
one has been constructed from Omaha City, 640 miles, and before this 
report will be given to the world it will doubtless be completed to the 
foot of the mountains. The Platte Eiver takes its rise in the Laramie 
range, and flows for the greater part of its course through the more recent 
beds of the Tertiary deposits. The area drained by this river must be at 
least 600 miles from east to west, and 80 to 150 from north to south. 
Although a wide stream, 1,000 yards or more, the water is so shallow 
and the channel so shifting that it can never be rendered navigable even 
■ for Mackinaw boats. Even the fur-traders have never been able to rely 
upon it for the transportation of their furs and skins. 

On the left or north side of the Missouri there are comparatively few 
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branches, the principal of which are Milk, White Earth, James, Vermil- 
lion, and Big Sioux. The three last named rise in the far north and flow 
through a much more rocky region and over a stony bed, and their waters, 
as they pour them into the Missouri, contain far less sediment than any 
of the others. Indeed, most of the rivers previously describedflow through 
a more or less barren country, with a thirsty atmosphere and a still more 
thirsty soil, and on their way to the Missouri they lose nearly or quite 
all their waters. Many of these long rivers, as Grand, Cannon Ball, Chey- 
enne, in the autumn frequently become so dry as to cease to be running 
streams, while perhaps 100 miles above their mouth, if in the vicinity of 
some mountains, there is a full supply of water. The Muscleshell River 
is a fine example. Toward the source of this river it is a fine running 
stream ; in the dry season it is lost almost entirely before reaching the 
Missouri. Much more might be said in this connection, but enough has 
been written to enable the reader to comprehend to some extent the vast 
;geographical area drained by the Missouri Eiver and its tributaries. 

F. V. HAYDEN, 
f United States Geologic. 

Hon. J. S. Wilson, 

Commissioner of tlie General Land- Office. 



Geological Explorations in Wyoming Territory, 

Fort Steele, Union Pacific Eailroad, 

September 5, 1868. 

Sir : I have the honor to forward this day the first part of my prelim- 
inary report from the field. Another portion, describing my examinations 
from Fort Sanders to Benton Station and westward, will follow soon. 
In the reports 1 have endeavored to give all the important details, and 
as they are descriptive of regions almost or quite unknown previously to 
the geologist, I hope they will be found of interest to you. The coal and 
iron mines are of the highest value and almost unlimited in extent, while 
indications of the precious metals have been observed in numerous locali- 
ties. It is my intention to push on to Fort Bridger by way of the over- 
land stage-route, and returning along the Union Pacific Eailroad, so as to 
construct a geological section of the route, making use of the cuts in the 
road to give me a clearer knowledge of the different beds. It is my pur- 
pose to take as fuU and accurate notes of the country along the road as 
possible so that they can be used as a guide to travelers when they wish 
to study the geology of the route. 

My party consists of nine persons. We have a two-horse ambulance 
and a four-mule covered wagon, three tents, and four riding-animals. I 
hope to return to Fort Sanders with all my party between the 1st and 
10th of October, '^o draft has been received up to this time. All are 
well and in good spirits. 

Very respectfully, your obedient servant, 

F. V. HAYDEN, 

United States Geologist. 

Hon. Joseph S. Wilson, 

Commissioner General Land Office. 
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Sir : I have the honor to submit the following preliminary report of 
ipy labors in the field, connected with the geological survey of Colorado 
and Wyoming Territories. I beg leave to state here that these notes are 
prepared in the field after the labors of the day are completed, far away 
from books and collections, and without that opportunity for mature 
reflection .which should characterize a final report, and therefore I ask 
you to look with leniency on any errors that may occur, or any want of 
precision of statement. 

My examinations properly begin at Cheyenne City, along the line of the 
Union Pacific Eailroad; but the connection of the geology eastward with 
that to the west will be better understood by a resximi of the structure 
of the country from Omaha. 

At Omaha, and extending above that point along the Missouri River 
for about 40 miles, we find the underlying rocks to belong to the Upper 
or Barren Coal-Measures ] overlapping these are the sandstones of the 
Cretaceous period, which first reveal themselves immediately along the 
Missouri, about 20 miles north of Omaha, but are found about 10 miles 
westward as much as 8 or 10 miles south of the Platte River. 

Near the mouth of the Elkhorn the rusty sandstones of the Dakota 
group occupy the whole country. Near Columbus and beyond for 20 or 
30 miles traces of No. 3 Cretaceous are observed, but they are never con- 
spicuous. Numbers 4 and 5 have not been seen along the Platte. 

About 200 miles west of the Missouri River, along the Platte, the light 
clays and marls of the Tertiary period commence, foreshadowed, however, 
by a thick superficial deposit of fine brown grit, which seems to be of 
Post-Pliocene age, as it is filled with recent iresh -water and land shells, 
HeliXy Planorbis^ Pupa, PhysU, &c. The Tertiary beds extend uninter- 
ruptedly to the margin of the Laramie range, along the line of the Union 
Pacific Railroad. For 150 to 200 miles west of Omaha the soil is very 
fertile, and in an agricultural point of view can hardly be surpassed ; but 
beyond that point there is an absence of both wood and water, which will 
render it impossible to cultivate the western half of the State of Nebraska 
successfully. As a grazing country, however, it will eventually prove 
most valuable. For sheep-raising it seems especially adapted. Sheep 
would thrive well on the short, nutritious grasses, and the dry surface^ 
strewn with drift pebbles, would be admirably adapted to preseve their 
feet from disease. 

It seems to me that all this portion of the West may at some period 
be inhabited by a pastoral people, who will raise some of the finest 
flocks and herds in America. The soil itself is fertile enough, for the 
cuttings along the railroad show a depth of 6 to 12 inches of vegetfible 
mold, but there are not streams enough to irrigate any great portion. 
Even the Platte is sometimes so dry as to have no running water below 
the junction of the forks. 

The Platte Valley is very broad, averaging 5 to 15 miles in width, and 
on the bottoms a good crop of grass grows every year, so that thousands 
of tons of hay are made for the use of the Government and the Union 
Pacific Railroad. 

The rocks for building purposes are not abundant anywhere along the 
Platte east of the mountains, but the materials for making bricks or 
artificial building-stones occur in the greatest abundance, scarcely 
equaled in any part of the world. The vast superficial or Post-Pliocene 
deposits which cover the surface are especially adapted for these pur- 
poses. At Sidney Station and westward there are some rather thick 
beds of light-brown calcareous grit, which seems to answer an excellent 
purpose for buildings, and has been much used in the erection of round- 
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houses and other buildings by the Union Pacific Railroad. Near Chey- 
enne City these same Tertiary beds yield an excellent limestone, which 
has been much used at that place. These Tertiary rocks are rather porous 
but work easily, and are sufficiently durable in the absence ot* more 
compact rock. 

Along the margin of the Laramie range, about 16 miles west of Chey- 
enne City, there are beds of white limestone, of the Carboniferous age, 
which, when burned into lime, is of the finest quality. The walls of 
houses plastered with it are as white as snow, and it is a great favorite 
with masons. The supply is inexhaustible. As soon as we reach the 
mountains the building-materials are as extensive as the ranges them- 
selves. The syenites predominate and are of every quality, from a com- 
pact, fine-grained quality to a coarse aggregate of quartz and feldspar, 
decomposing readily under atmospheric influences. 

I would here call the attention especially to some beds of fine-grained 
compact syenite along the line of the Union Pacific Railroad near the 
summit of the first range, which nearly equals the best Scotch syenite 
and resembles it very much. 

The Union Pacific Railroad contemplate transporting this beautiful 
syenite to Omaha, to construct with it the piers of the bridge across the 
Missouri River. A few years ago such a thought would have excited 
suri)rise and perhaps ridicule as visionary, but now it is so feasible that 
it ceases to be wonderful. I regard this syenite to be as durable and 
more elegant for building-material than the Quincy granite. 

One of the most important problems for solution, aftecting the pros- 
perity of this portion of the West, is the possibility of utilizing the vast 
quantities of coal and iron with which this country abounds. All the 
coals of Wyoming and Colorado appear to be of Tertiary age, and so 
extensive are they in the West that it becomes a question whether the 
Tertiary might not with more propriety be called the Carboniferous or 
coal-bearing period. I have estimated the coal area north of the Arkan- 
sas and south of the Lodge Pole Creek and east of the mountains at 
5,000 square miles. It is quite possible that a more careful examination 
will show that it covers a still larger area. 

In connection with this coal are large deposits of brown iron-ore or 
limonite, which is easily reducible, and if the coal or lignite can be waed 
in smelting these ores, the iron as well as the coal will prove a source of 
great revenue to the country. This iron-ore occurs in the form of nodules 
or concretions, varying in size from an ounce to several hundred pounds 
in weight. It resembles very closely the iron-ores of Maryland and 
Pennsylvania. It seems to be co-extensive with the coal-beds, though 
occurring more abundantly at some localities than at others. About 
12 miles south of Cheyenne City there are large quantities, and, 
within a few miles, beds of coal five or six feet in thickness are now 
worked. At South Bowlder Creek it occurs again in great quantities, 
soatteretl through 1,200 to 1,500 feet of sands and clays connected with 
the cojil. It will doubtless be found in the form of acarbonate of iron 
lH\vond the reach of atmospheric influences. 

Tlie finest smelting-ftirnace erected in Colorado was established there 
by Mr. Joseph Marshall, and he informed me that it required about three 
tons of the ore to make one ton of pig-iron. Over 500 tons of this ore 
have bot^n t^ken IVom this hx^ality, and the area occupied by it is over 
50 squart* miles. There art^ many other hx^alities on both sides of the 
mountains when* this form of iron abounds, and it is safe to say that if 
this mineral fuel, which alH>nnds everywhere., c^n be made useful for 
smoltinjj pnriH>st»s, these n^U juul iron ore l)eds will exert the same kind 
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of influence over the progress of the gre.it West that those of Pennsyl- 
vania do over the contiguous States. " When we reflect that we have 
from 10,000 to 20,000 square miles of mineral tuel in the center of a 
region where, for a radius of COO to 1,000 miles in every direction, there 
is little or no fuel either on or beneath the surface, the future value of 
these deposits cannot be overestimated." 

At the source of the Chugwater, about 30 miles north of Cheyenne 
City, there is a vast deposit of magnetic-iron ore of the best quality. 
Through the kindness of my friends Dr. Latham and Mr. Whitehead, 
citizens of Cheyenne City, I had an opportunity to visit these iron-mines, 
and I found them much richer and more extensive than I had previously 
imagined. Iron bowlders of this ore have been found in the valley of 
the Chugwater for many years. In the report of Captain Stansbury the 
following paragraph is found : 

In the bed of the Chugwater and on the sides of the adjacent hills were fonud im- 
mense numbers of rounded black nodules of magnetic-iron ore, which seemed of unusual 
richness. ^ 

In the winter of 1859, I gathered a large number of specimens of this 
erratic ore, which seems to be scattered in the greatest quantity through- 
out the valley of the Chugwater ; the snow was so deep that I could not 
trace these masses to their source. This season I followed these erratic 
masses up the valley of the Chugwater, and in the mountains, inter- 
stratified with the metamorphic rocks, probably of Laurentian age, were 
literally mountains of this magnetic ore. Mr. Whitehead traced one of 
the beds a distance of 1^ miles. It occurs in mountain-like masses similar 
to the ore-beds on Lake Superior. 

Mr. J. A. Evans, engineer of construction, who made a careful explora- 
tion of these ore-beds, thinks that the ore can be transported from the 
Black Hills to the Laramie Plains, and then smelted with the coal which 
is found in the greatest abundance along the line of the railroad. Pro- 
fessor Silliman is of the opinion that the two ores, the magnetic ore of 
the Laurentian epoch and the brown hematites of the Tertiary beds, can 
be more easily reduced by mixing them together. In that case, Chey- 
enne City would be the most desirable point for the erection of a rolling- 
mill orfurnace. The Union Pacific Kailroad contemplates erecting several 
rolling-mills along the line of the road, and when this is done these ores 
will come into demand. 

In regard to the coal of this country, the evidence seems to be clear 
that it is probably all of the Tertiary age. I have traced it over a vast 
area on the Upper Missouri Kiver, and it seems probable that it extends 
far northward toward the Arctic Sea. I have also traced the Lignite 
coal-beds from the Yellowstone Yalley, by way of the Big Horn Mount- 
ains, to the North Platte, until they pass beneath the White Eiver Ter- 
tiary beds, about 80 miles north of Fort Laramie. These beds re-appear 
again about 10 miles south of Cheyenne City, and continue uninterrupt- 
edly to the Arkansas. On the west side of the Laramie range these 
beds appear again a few miles east of Rock Creek, and from there con- 
tinue westward to Salt Lake and perhaps farther. 

In Colorado these coal-beds have been wrought to considerable ex- 
tent. At South Bowlder Creek there are 11 beds of coal varying in thick- . 
ness from 5 to 13 feet. The lowest bed is 13 feet in thickness, and is of 
excellent quality, very much resembling anthracite in appearance, 
though much lighter. An analysis of this coal by Dr. Torrey, of New 
York, shows it to contain 59.20 per cent, of carbon ; water in a state of 
combination or its elements, 12.00 ; volatile matter, expelled at a red 
heat, forming inflammable gases and vapors, 26.00; ash of a reddish 
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color — color sometimes gray — 2.80. As a fuel for domestic purposes, 1 
am convinced that this coal will rank next to anthracite and prove supe- 
rior to the ordinary bituminous coals. 

It is as neat as anthracite, leaving no stain on the fingers. It produces no offen- 
sive gas or odor, and is thns superior in a sanitary point of view, and when brought 
into general use it will be a great favorite for culinary purposes. It contains no dis- 
tinctive elements, leaves very little ash, no clinkers, and produces no more erosive 
effects on stoves, grates, or steam-boilers, than dry wood. If exposed in the open air 
it is apt to crumble, but if protected it receives no special injury. Dr. Torrey thinks 
there is no reason why it should not be eminently useful for generating steam and for 
smelting ores.* 

In the Laramie Plains, along the line of the Union Pacific Eailroad, 
extensive beds of this coal have been opened, and the coal is used for 
generating steam and for fuel on the cars. It cannot be long before it 
will come into general use throughout the West. 

August 15. — Left Cheyenne City with Dr. Curtin, an assistant on the 
survey, and Mr. Whitehead, a citizen of Cheyenne City, for the purpose 
of exploring the Chugwater Valley to its head. For the first 20 miles 
we passed over the light-colored marls and sands of the White Eiver Ter- 
tiary. As we approached the foot of the mountains we came into a 
beautiful valley, ranging from three to ten miles in width, looking as 
though it had been scooped out, as it were, during the glacial period by 
forces from the mountain-side. 

All over this country are marked proofs of a powerful erosion at the 
close of the Drift period, which gave to the surface of the country its 
present configuration. There are also terraces along the base of the 
mountains, as well. as along the streams, and the nearer we approach 
the mountain-slopes the more conspicuous the terraces become. 

We camped, the night of the 15th, on Horse Creek, a branch of the 
North Platte. This valley can hardly be surpassed for grazing pur- 
poses. The water is excellent and the grass good. Near the point where 
the creek issues from the foothills of the Laramie range, there is a series 
of upheaved ridges, with a strike nearly east and west, the beds inclin- 
ing from 50^ to TO^. The series of strata seem to be nearly as complete 
as those observed southward toward Denver. The red arenaceous beds 
are well shown, but no gypsum was seen. 

In the valley of the Chugwater, near the point where the branches 
issue from the mountains, the unchanged rocks are elevated at various 
angles, and,' by their great variety of colors, give a most picturesque 
appearance to the scenery. 

In clearing away from the syenite nucleus, we have here, first, the red 
arenaceous beds, 1,000 to 1,500 feet in thickness; then 600 to 800 feet of 
variegated marls and clays, with layers of sandstones, all destitute of 
fossils or any evidence of their age. These beds incline southwest at 
various angles, 19^, lio, 6^, &c. Then the Cretaceous beds are quite 
well represented. From No. 5 I gathered Baculitus ovatus and a species 
of Inoceramus. 

Upon the Cretaceous beds, but not conforming to them, rest the White 
Eiver Tertiary beds, inclining at a small angle, as if they had partaken 
of the latest upward movement of the mountain-ranges. 

The central portions of the mountains are composed of syenite mostly. 
The outer beds are rotten syenite of a dull-gray color, disintegrating to 
such an extent that the surface is covered with a thick deposit of crys- 
tals of feldspar. As we approach the dividing ridge the beds of syenite 
become more compact and durable. Now and then we find thin beds of 
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hornblendic gneiss, or white quartz. All these rocks are nearly verti- 
cal. Intercalated among these beds of syenite we found the beds of iron- 
ore, which, though not continuous like the syenite, occur here in large 
quantities. The ore-beds incline in the same direction with the others, 
with the same joints and cleavage, and the surface of many of the layers 
has the appearance of " slicken-sides." Thousands of tons of this ore 
have been detached from these beds and distributed about the valley of 
the Chugwater in a more or less worn condition. 

Although the amount of iron-ore which we were able to discover was 
indefinite in extent, yet we had evidence of the existence of other beds 
in the mountains at the sources of all the branches of the Chugwater. 

The Chugwater empties into the North Platte and ha-3 a valley about 
100 miles long. It has been for many years a favorite locality for win- 
tering stock, not only for the excellence of the grass and water, but 
also from the fact that the climate is mild throughout the winter. Cat- 
tle and horses thrive well all winter without hay or shelter. 

The soil of the valleys of all the streams that flow into the North 
Platte is fertile, and when the surface can be irrigated good crops of all 
cereals and hardy vegetables can be raised without difficulty. Wljile 
my explorations this season will be confined mostly to the plain-coun- 
try, yet my plans contemplate numerous side trips to interesting points 
in the contiguous mountains. 

Within a few weeks a great excitement has been created at Fort San- 
ders and Laramie City, by the reported discovery of rich gold-diggings 
near the source of Little Lajamie Eiver, This district has a regular 
organization; hundreds of claims have been staked out, and the name 
of "Last Chance ^Miggings given toit. Some very large and valuable nug- 
gets of gold have been taken from these mines, and the usually exag- 
gerated reports of their richness were circulated everywhere. 

August 20. — I started from Fort Sanders to make an examination of 
this district, under the auspices of Major-General Gibbon, United States 
Army, the commander of the Eocky Mountain district. We were so for- 
tunate as to have the company of Professor James Hall, State geologist 
of ISTew York, Our course was nearly southwest up the valley of the 
Little Laramie Eiver to its source in the Snowy Mountains. From Fort 
Sanders to the Little Laramie Eiver the distance is 18 miles, over a 
very nearly level country, underlain by Creta'ceous beds holding a hori- 
zontal position nearly. 

Nos. 2 and 3 are quite well shown. No. 2, with its dark plastic clays, 
is first observed at the Big Laramie stage-station, six miles west ol 
Fort Sanders. In the broad, level plain-country west of this point, No. 
3 attains a thickness of 50 to 100 feet, sometimes exhibiting its usual 
chalky character, but mostly composed of thinly laminated calcareous 
shale. All through are thin layers of fibrous carbonate of lime. The 
fibers are at right angles to the plane surface, and attached to these 
masses or layers are myriads of the little oj^ster, Ostrea congesia. I also 
found a number of vertebrse of a saurian animal. From the stage-sta- 
tion we passed directly up the valley of the Little Laramie. On either 
side were long ridges, covered with grass and water- worn rocks, but from 
their sides projected a bed of rusty sandstone which contained Inocera- 
mu8 and other marine fossils, which indicated the Upper Cretaceous or 
Xo. 5. These beds continued for about 15 miles to a point where the 
river issues from the foot-hills of the mountains, and thence to its 
source we follow its windings through some most beautiful and rugged 
scenery. 

The river itself has wrought its way through a synclinal valley, caused 
6 H 
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by two separate minor ranges projecting out from the main range of 
mountains, and the trend of these minor ranges is nearly north and 
south. One of the small ranges is quite peculiar in its character. On 
its east base, which fronts on Laramie Plains, the Upper Cretaceous beds 
jut up against its side, and no unchanged rocks of older date are seen, 
while on the west side, about five miles distant in a straight line, the 
entire series, from the Carboniferous to the summit of No. 3 Cretaceous, 
are all visible, inclining at greater or less angles from the slope. 

The nucleus of the mountain is syenite, of various degrees of fineness 
and compactness, inclining at a large angle, from 50^ to 70^, toward the 
southeast, or nearly east. It is an important question to determine the 
exact relation of these metaraorphic rocks, which form the central por- 
tion of all the mountain-ranges, to the unchanged oeds which usually 
incline from their sides. Do they conform to each other or not ? Did 
the metamorphic rocks lie in a more or less inclined position prior to 
the deposition of the Silurian or Carboniferous beds upon them f 

We have thus found it difficult to determine the conformability or 
unconformability west of the Laramie range, but on the east side of the 
mountains, especially near Fort Laramie, and along the eastern slope of 
the Big Horn and Wind Eiver Mountains, the discordant relation of the 
two series is very apparent. 

These question will have a most important bearing when we attempt 
to reconstruct the history of the physical revolutions which have oc- 
curred in the West during i)ast geological epochs. 

The syenite beds which form the nucleus of the small range of mount- 
ains between the Big and Little Laramie Elvers, inclining eastward, 
were pushed up in such a way that the east front is almost vertical, and 
the Cretaceous beds at the foot, which must have been borne upward in 
part during the elevation, have fallen abruptly down, so that in some 
instances they have passed the vertical position 20° to 30o. 

East of the Big Laramie, and all along the western slope of the Lara- 
mie range, the entire series of unchanged rocks are visible, inclining: at 
moderate angles from the mountain-sides. On the west side of tnis 
range the slope is more gentle, and the Carboniferous, Triassic, Jurassic, 
and Cretaceous beds present their upturned edges clearly to the scrutiny 
of the geologist. 

The synclinal valley here, through which the Little Laramie flows, is 
about five miles wide, and crossing this stream west, we find the full 
series inclining from the mountain eastward. The dip of the red beds 
is from 40° to 60^, that of the Cr-etaceous 40°. No fossils have been' 
found in any of the unchanged rocks below No. 3 Cretaceous, west of 
Fort Sanders, nor does the nature of the beds indicate that the physi- 
cal conditions during their deposition were favorable for the existence 
of animal or vegetable life, certainly not for the preservation of its re- 
mains. 

Between the well-marked Cretaceous beds and the metamorphic rocks 
nearly all the rocks are of a brick-red color, or tinged more or less with 
red from the i)resence of the peroxide of iron, and diffused through them 
there is a certain amount of gypsum ; hence they have been called gyp- 
siferous deposits. In the Black Hills, Big Horn, and Wind Eiver Mount- 
ains, these red beds are largely developed, and there they contain beds 
of beautiful white amorphous gypsum, varying in thickness from 5 to 
60 feet. Along the east slope, near Pike's Teak in Colorado, these for- 
mations contain valuable beds of gypsum, but in the Laramie Plains I 
have as yet observed no regular beds. The thickness of these deposits 
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was estimated by Professor Hall to be about 3,000 feet, while the Cre- 
taceoas beds were 500 to 800 feet thick. 

Camping with our wagons at the base of the main range of mount- 
ains, near the source of the Little Laramie, we prepared to ascend the 
mountains on horseback to the gold mines. The distance was about 10 
miles before we came in view of the ** diggings," and to reach them we 
made an ascent of 2,000 feet above the bed of the creek. We were then 
between 10,000 and 11,000 feet above the sea, very near the elevation of 
perpetual snow, aud where frost occurs every night of the year. 

On the summit of these lofty mountains are some beautiful open spots 
without a tree, and covered with grass and flowers. After passing through 
dense pine forests for nearly ten miles, we suddenly emerged into one of 
these park-like areas. Just on the edge of the forest which skirted it 
were banks of snow six feet deep, compact like a glacier, and within a 
few feet were multitudes of flowers, aud even the common wild straw- 
berry seemed to. flourish. Here the mountain is filled with streams of 
the purest water, and for six months of the year good pasturage could 
be found. 

The gold is sought after in the gulches that are formed by the little 
streams that flow from the Medicine Bow and other snowy mountains, 
most of which flow into the North Platte. 

We labored two days to discover the quartz seams which we supposed 
to be the source of the stray lumps of gold, but the great thickness of 
the superficial drift which covers all these mountains concealed them 
from our view. The gold, so far as known in this district, seems to be 
confined to the lower glacial drift, and it was the conclusion of Professor 
Hall that gold would not be found here in paying quantities. But that 
valuable mines will be found in these mountains at no distant day seems 
probable. 

The geological evidence is quite conclusive, as these mountains form 
a continuation northward of the same range in which the rich mines of 
Colorado are located. 

Not only in the more lofty ranges, but also in the lower mountains, 
are large forests of pine timber, which will eventually become of great 
value to this country. Vast quantities of this pine, in the form of rail- 
road-ties, are floated down the various streams to the Union Pacific 
Eailix)ad. One gentleman alone has a contract for 550,000 ties, all of 
which he floats down from the mountains, along the southern side of the 
Laramie Plains. 

The Big and Little Laramie, Rock Creek, Medicine Bow River, and 
their branches are literally filled with ties at this time, and I am informed 
that in time of high water they can be taken down to the railroad from 
the mountains, after being cut and placed in the water, at the rate of 
from one to three cents apiece. These are important facts, inasmuch as 
they show the ease with which these vast bodies of timber may be brought 
down into the plains below and converted into lumber. 

Should the future settlement of the country demand it, I am inclined 
to believe that a peculiar class of people, like the lumbermen of Maine 
and Michigan, will some day fill these mountain regions. 

There are several species of pine and one spruce or balsam fir — Ahies 
douglassi. The latter is a beautiful and symmetrical tree, rising to the 
height of 100 to 150 feet, and as straight as an arrow. The ties that are 
made from this spruce are of the best quality. 

On the morning of August 25 I left Fort Sanders on a third side trip 
to the North Park, in company with a hunting party composed of General 
F. P. Blair, Colonel Dodge, United States Army, and Captain Proctor, 
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United States Army. Messrs. Smith and Carson, assistants, accompanied 
me. The examination of the North Park being contemplated in your 
instructions, I regarded this as the most favorable opportunity that was 
likely to present itself, affording adequate protection. I was the more 
ilesirous of visiting that interesting locality from the fact that the 
geological character is entirely unknown. Our course from Fort Senders 
^as nearly southeast, up the Big Laramie Kiver toward its source in the 
mountains. 

The geology of the plain country through which the Big Laramie flows 
is similar to that of the Little Laramie Eiver, about 15 miles to the west- 
ward. There are comparatively few exposures of the basis rocks, on 
account of the superficial drift which covers all the country ; still, we find 
along the bank^ of the river, near the stage-station, the same black plastic 
clay of No. 2, with Ostrea congesta and a few remains of fishes, also the 
chalky marls of No. 3. About two miles above there are long high ridges 
on either side, extending up for several miles, composed of the rusty 
yellow sands and sandstones of No. 5. 

The dip of these beds is very gentle — hardly perceptible to the eye. 

The Big Laramie is a very clear stream, about 50 yards in width, and 
averaging two feet in depth, easily forded in most places. Like most of 
the western streams, the difference between high and low water mark is 
very great. In the spring and early summer, when the snows of the 
mountains melt, these streams become formidable rivers. 

The soil along the bottoms appears to be very good ; the grass grows 
quite heavy, and hundreds of tons of hay are cut here by the settlers for 
winter use. 

The grazing is excellent, and numerous ranches have been started all 
through the valley for the purpose of raising stock. Even at this season of 
the year a great variety of flowers covers the surface; the Compositce ^nd 
Leguminosce prevail in numbers, and yellow is the dominant color. 

As we approached the foot-hills of the mountains the transition beds, 
or No. 1, appeared on the ridge, rocks of more recent date having been 
swept away by erosion. Fragments of pudding-stone and rusty-colored 
masses of sandstone were scattered here and there, and beneath them 
were exposed about 6c0 feet of variegated, arenaceous layers, of uncer- 
tain age, perhaps Jurassic ; then a little higher up the mountain were 
revealed the red beds, 1,500 feet or more in thickness, presenting a won- 
derfully picturesque appearance. All these beds seemed to have been 
lifted up in a nearly horizontal position, so that they present lofty escarp- 
ments, sometimes cone-like or pyramidal in shape, revealing each layer 
in the order of succession. The harder layers, yielding less readily to 
atmospheric influences, project out from the sides, adding much to the 
novelty of the view. Most of the beds incline from the flanks of the 
mountain at various angles, 3^, 8^, and 15^, and then continue along the 
river, following its windings for 25 miles among the mountains, almost 
to the snow-covered peaks. On either side can be seen a number of 
syenitic nuclei, but I could not find the unchanged rocks so clearly in 
contact with them that I could define their relation to each other. 

Before reaching the mountains we passed a series of alkaline lakes, 
which are simply shallow depressions, receiving the drainage of a small 
area without any outlet. From these shallow lakes the water is evapo- 
rated, so that in the autumn the bottoms are dry and covered with a 
white incrustation, which looks much like water at a distance. One of 
these lakes contains water, and seems to have a fair supply at all sea- 
sons. It is about a mile in length and half a mile in width. In the 
spiing these lakes are quite large,* and are filled by the overflow of the 
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branches of the Big Laramie, which are greatly swollen by the melting 
snow. Great quantities of fish are swept into the lakes from the neigh- 
boring streams, and in the autumn the water becomes so alkaline by 
evaporation that the fish die in great numbers along the shores. It is a 
curious fact that not a single trout has been taken from any of the 
branches of the North Platte, unless a few have been caught in the 
Sweetwater, while the little branches of the South Platte are filled with 
them. 

After entering the foot-hills of the mountains the Big Laramie and 
its branches wind their way through the valleys or gorges formed by the 
anticlinals and synclinals, produced by the upheaving of the unchanged 
rocks. All the lower beds are more or less arenaceous and of a brick- 
red color, with only three layers of light-gray sandstone, l^o fossils can 
be found in any of the rocks, so that it is difficult to determine their age 
with certainty." We believe that the lower beds are Carboniferous, and 
have received their color from the fact that the sediments were doubt- 
less derived from the disintegration of the red syenitic rocks upon which 
they rest. It is also quite possible that a portion of the red beds are 
Triassic, and also that the yellow, gray, and rusty sands and sandstones 
alone are Jurassic. Lying above the supposed Jurassic, and beneath the 
well-defined Cretaceous, there is a considerable thickness of sandstones, 
which I have called transition beds, or Xo. 1, because they occupy the 
position of the Lower Cretaceous No. 1, as shown on the Missouri Kiver 
and in Middle Kansas. These beds are well developed and quite uniform 
in their lithological character all along the mountain-sides, from latitude 
490 to the Arkansas, yet they have never yielded a single characteristic 
fossil that would determine their age. I have, therefore, called them, 
provisionally, Lower Cretaceous, or beds of transition from one great 
period of geological history to another, and the character of the Pedi- 
ments which comj)ose them justify the name. 

Near our camp on the Big Laramie, which was about thirty-five miles 
southwest of Fort Sanders, and about fifteen miles above the foot of the 
hills, were some singular illustrations of the dynamics of geology. On 
the southwest side of the stream, and inclining eastward or southeast- 
ward, the entire series of red and variegated beds are shown in their 
order of succession, 1,500 or 2,000 feet in height. At the foot of this 
escarpment is a low ridge of the red material, which is so grassed over 
that the connection cannot be seen with the syenitic nucleus. Then 
comes a belt of syenite, about 200 yards wide and three to five miles 
long, the jagged masses of rock reaching a height of 1,000 feet or more, 
and standing nearly vertical, or dipping slightly to the southeast. 
Between the syenitic beds and the river are two low ridges of Cretaceous 
Ncs. 2 and 3, which seem to have been lifted up with the syenitic, but 
to have fallen back, past a vertical position, so that they now incline 
from the syenitic ridge, while on the opposite side the beds have a reg- 
ular dip from the ridge. This peculiarity seems to be common in various 
localities, owing to the fact that the metamorphic beds, which compose 
the central portions of all the mountains, had suffered upheaval prior 
to the deposition of the unchanged beds. Therefore, in the quiet eleva- 
tion of the mountain ranges, the beds are merely lilted up in the direc- 
tion of the dip of the older rocks, while they are, as it were, pushed 
away from the opposite side, forming what may be called an abrupt or 
incomplete anticlinal. 

On the opposite, or south side of the river, there is a gradual slope 
for 2,000 feet along the bed of the stream, the strata inclining 5^, until 
we reach the nucleus of another mountain-range 5 so that we have here^ 
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as it were, two huge monoclinals. These monoclinals form local anti- 
clinals, iDasmuch as in some places all the beds incline, for a short dis- 
tance, from a common axis. 

On the north side of the river, and east from 10 to 20 miles, the flanks 
of the mountain-ranges are covered with the unchanged rocks, which 
give comparatively gentle grassy slopes, owing to the readiness with 
which they yield to the atmospheric agencies. Through these slopes 
many little streams cut their way, forming huge canons, which reveal 
along their sides the series of beds in their order of succession. From 
a point near the source, for 20 or 30 miles, the river flows through a 
synclinal valley, the conspicuous red beds dipping from either side. 
Along the valley of the river are marked deposits of drift, the result of 
glacial action ; but the most beautiful feature is the well-defined ter- 
races, about 50 feet high, and smoothed off like a lawn. The terraces 
are covered with considerable deposit of drift, but when they are cut 
through by streams the basis rocks are shown. The scenery on either 
side of the valley is beautiful beyond description. On the west side are 
the snow-clad peaks of the Medicine Bow Eange, in the distance, with 
numerous intervening lower ranges, ascending like steps. 

The Snowy Mountains are mostly destitute of vegetation, and are 
covered with eternal snows, but the lower mountain-ridges are covered 
mostly with what may be called groves of pine. Indeed, the pine and 
grassy openings are so arranged and proportioned that the whole scene 
appears as if it might have been partially the work of art, and the trav- 
eler imagines himself in a sparsely-settled, mountainous district, instead 
of the unexplored Eocky Mountain region. The openings and grassy 
slopes will make excellent pasture-grounds, for the grass is good, and 
they are watered by the finest mountain-streams and springs. 

I would again remark that the pine forests of these mountains must, 
at some future period, be an object of earnest pursuit. Even now the 
mountain-sides are full of tie-cutters, who cut and float hundreds of 
thousands of ties down the mountain-streams, 20 to 100 miles, to the 
Union Pacific Eailroad, where they can be transported by rail to any 
desired point. 

In the moist ravines of the mountain-sides are patches of the aspen, 
Popultts tremuloides, which form a striking feature in the landscape, 
from its peculiar mode of growth. They grow very thickly, seldom at- 
taining a height of more than 40 or 50 feet, and not more than 12 or 18 
inches in diameter. The bodies are very smooth and nearly white, and 
the tops form a rounded cone-shaped mass of foliage. These aspen 
groves are the favorite resort of elk, deer, grouse, and all kinds of 
game. 

On the east side, also, is the snow-clad range, which, in its southward 
extension, includes Long's Peak, and numerous peaks in the vicinity. 
On either side of this lofty range, wliich often rises above the limit of 
vegetation, are a number of successive lower ridges which descend like 
steps. There is such a wonderful uniformity in the structure of these 
mountains that a detailed description of a portion applies for the most 
part to all. 

Our course along the Cherokee trail was about southwest from the 
Big Laramie liiver, over ridge after ridge, and after traveling 25 miles 
we entered the I^orth Park, through some of the most beautiful scenery 
of that interesting region. From the summit of the high ridges on the 
north we looked to the southward, over a series of lofty cones or pyra- 
mids, as it were, all clothed with a dense growth of pine. The meta- 
morphic rocks of which these are composed disintegrate so easily that 
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tkeir surface is covered with a deposit of loose materials, as fine earth, 
and fragments of rocks. 

The hills have, therefore, been so smoothed down that it is difficult 
to see the basis rocks in continuous lines. We saw enough, however, 
to show us that red syenite, in its various forms, constitutes the prin- 
cipal rock, while now and then a bed of hornblende, gneiss, white quartz, 
and greenstone occurs. 

All through the mountain region are small open areas, sometimes on 
the hills and sometimes in the lower ground, forming meadow-like spots 
which the various kinds of animals love to frequent, to feed on the 
abundant grass. 

The old Cherokee trail derives its name from the fact that a party 
of these Indians cut their way through the thick pines, about thirty years 
ago, with a train of about 300 wagons. The traveling was difficult at 
this time, owing to the ruggedness of the surface and the obstruction 
from the fallen pines. 

So far as I could ascertain, the trend of the upheaved mountain-ridges 
of syenite was nearly east and west, and the dip nearly north. 

The North Park is oval or nearly quadrangular in shape, is about 50 
miles in extent, from east to west, and 30 miles from north to south, 
occupying an area of about 1,500 square miles. Viewing it from one of 
the high mountains on its border, it appears like a vast depression 
which might once have formed the bed of a lake. Its surface is rather 
rugged, yet there are broad bottoms along the streams, especially the 
!N'orth Platte and its branches. Scarcely a tree is to be seen over the 
whole extent, while the mountains which wall it in on every side are 
dotted with a dense growth of pine. The grass grows in the park quite 
abundantly, often yielding at least two tons to the acre. Streams of 
the purest water flow through the park, and there are some of the finest 
springs I have yet seen, a few of them forming good-sized streams where 
they issue from the ground. I am quite confident that this entire park 
would make an excellent grazing region for at least six or eight months 
of the year. Myriads of antelopes were quietly feeding in this great 
pasture-ground like flocks of sheep. 

The soil is very rich, but the seasons must be too brief for the suc- 
cessful cultivation of any crops. Indeed, there is a frost there nearly 
every night, and snow falls every month in the year. 

As I have before stated, the park is surrounded with lofty ranges of 
mountains as by gigantic walls. On the north and east side may be 
seen the snow-covered ranges, rising far above all the rest, their sum- 
mits touching the clouds. 

On the west side there is also a short snowy range. The snowy ranges 
on the eastern border of the park have their north sides abrupt, and the 
south sides less so, as seen from a distance, as it' the massive piles in- 
clined southward. 

All along the north side of the park the lower hills incline southwest- 
ward, while the higher ranges are quite steep and correspond, in the 
apparent dip of the beds, with the lofty snow-clad mountains on the east, 
which incline south or southwestward. The inclination of the meta- 
morphic beds composing the higher ranges is from 60^ to 80^. 

On the west side of the park long ridges seem to come into the park, 
so that they die out in the plain, forming a sort of ''en iclielon^^ ar- 
rangement. It is due to this fact that the area inclosed receives its oval 
shape. 

The general trend of all thp continuous mountain ranges is nearly 
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northwest and southeast od all sides, but there are many local dips and 
variations from this direction. 

I was much interested to know whether any of the unchanged rocks 
which are so well developed in the Laramie Plains occur in the Korth 
Park. I found that the entire series of red and variegated beds, includ- 
ing a portion of the Cretaceous strata, were fully represented, all inclin- 
ing from the flanks of the mountains and gradually assuming a horizon- 
tal position, or nearly so, toward the central portion of the park. 

The transition beds, or Lower Cretaceous No. 1, form quite conspicuous 
ridges, inclining 19^ to the southwest. They are composed of a very 
beautiful pudding-stone, an aggregation of small rounded pebbles, most 
of them flint, cemented together with a siliceous paste. 

On the north side are quite large areas covered with loose sand, which 
is blown about by the wind, resembling the sand-hills on the Niobrara 
Eiver. A close examination of the sand shows that it is composed mostly 
of rounded particles of quartz and feldspar. The surface sustains little 
or no vegetation, presenting a peculiar barren appearance, the sand 
moving readily with the wind. 

Hitherto it has been impossible to color on any map the geological 
formations of any part of this mountain region, and no information has 
ever been given in regard to the structure of the North Park. It will 
be impossible even now, with the imperfect topography of any of the 
maps, to color the geology in detail ; but these explorations wUl enable 
me to fix the outline of the formations, in a general way, with a good 
degree of accuracy. 



Fort Sanders, Wyoming Territory, 

/September 25, 1868. 

Sir : I have the honor to transmit the concluding portion of my field- 
report of Wyoming Territory. Although written quite hastily and under 
pressure of other duties in the field, I am sure it must commend itself 
to your attention, from the fact that it is descriptive of a portion of the 
West rich in coal and iron, but about which there was previously very 
little information of a definite character. 

I shall be able to color on a map the outlines of the great geological 
formations as far west as Fort Bridger. My collections are getting to 
be quite large. Professor Agassiz, who is here now, regards them as 
very remarkable and entirely new to science. Both the professors, 
Hall and Agassiz, have given their testimony to the truthfulness of my 
scientific labors here in the most emphatic terms. 

Colonel Smith is doing most excellent work in securing materials for 
a map of this portion of the West. He is now copying the map of the 
Union Pacific Eailroad office. He will be able to construct a map of 
this portion of the West which will be far in advance of any preceding 
one. 

No draft has yet come to me from the United States Treasury up to 
this date. I have borrowed money from bank at 12 per cent, discount, 
and drawn on my friends until I am very much embarrassed. I do not 
like to go on my Colorado work until I know something more definite. 

Should you wish any more preliminary reports from the field, please 
mention it in your next communication. I have hurried this last one 
so as to get it to you before the 1st of October. 
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We have had a severe snow-storm, 6 inches on the plains, and 12 
inches in the mountains. The mountains are now covered with snow. 
Very respectfully, your obedient servant, 

F. Y. HAYDEN, 

United States Geologist 
Hon. Joseph S. Wilson, 

Commissioner Oeneral Land- Office. 



September 1, 1868. 

Pursuing our course westward, across the Laramie Plains, from Fort 
Sanders, we took the overland stage-road, which continues near the foot 
of the mountains on the south side of the plains, and usually from 5 to 
15 miles south of the railroad-route. I give my notes of the different 
routes in detail, from the fact that my explorations extended over a 
region almost entirely new, and also because there have existed no defi- 
nite. data which could be used in coloring a geological map. 

As I have before remarked, the Laramie range of mountains forms 
one of the most complete and beautiful anticlinals seen in the Eocky 
Mountains. This range extends from a point near the Sweetwater, 
southeastward, in the form of a curve, until it is lost in the main Eocky 
Mountain range near Long's Peak. It forms a conspicuous wall, closing 
in the northeast and east side of the Laramie Plains. 

The nucleus is red syenite for the most part, while from the margins 
incline, from either side, unchanged rocks belonging to the Carbonifer- 
ous, Triassic, Jurassic, Cretaceous, and, in some localities, Tertiary. 
These beds incline at different angles, depending upon, the character 
of the elevating force. 

The plains of Laramie, as this area inclosed by mountains is called, 
exhibit a broad undulating, almost treeless surface, about 60 miles in 
length from east to west, and 50 miles from north to south. 

From Fort Sanders, along the stage-route to Little Laramie, the dis- 
tance is about 18 miles. The surface is undulating, but all the slopes 
are moderate in the inclination. The basis rocks*are all of the Creta- 
ceous period. In the banks of the Big Laramie may be seen a small 
thickness of the black slates of ]So. 2, and here and there are isolated 
hills with the yellowish chalky layers of !No. 3. Some of the higher 
ridges, which extend down into the plains from the foot of the mount- 
ains, reveal here and there the rusty yellowish arenaceous marls of 
No. 5. 

From Little Laramie Station to Cooper's Creek it is 15 miles ; over all 
this distance the Cretaceous rocks prevail, belonging for the most part 
to the upper portion of that period. There are isolated patches of Ter- 
tiary probably overlapping the Cretaceous beds. About two miles north 
of the station, on the west bank of Coopers Creek, an excellent coal 
mine has been opened, with a bed nine feet in thickness. The coal is 
quite pure, compact, but rather light. It burns very well, and though 
1 do not think the bed will be continuous over a large area, it will yield 
a vast amount of fuel. 

The evidence of drift action in the valley is very striking. The valley 
of Cooper's Creek forms a triangular area about five miles wide at the 
base of the mountains and extending down the creek to a gorge through 
which the stream passes, a distance of eight or ten miles. On the south 
side there is a hill 500 feet high, with the summit covered with a heavy 
deposit of drift, and the surface literally paved with worn rocks. 
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On the northwest side there is a low ridge, the summit of which is 
composed of Upper Cretaceous rocks. The valley as well as the high 
ground is covered with the drift material. The evidence seems to be 
clear that much of this drift deposit is local and derived from the mount- 
ains in the immediate vicinity. 

All along the base of the mountains, interrupted occasionally, is a 
deep valley varying from three to ten miles wide, which seems to have 
been scooped out as it were by forces which must have come from the 
mountain-ranges. 

At right angles to this valley, and extending down into the plain, ace 
numerous other valleys of erosion, walled on each side by high narrow 
ridges. Upon the sides of the ridges facing the mountains are the 
heaviest deposits of drift, extending to the summits of the hills, while 
the opposite sides are smooth and usually covered with grass. 

Sometimes these hills have quite gentle slopes, facing the mountain- 
sides, and are so thickly covered with loose rocks that no vegetation 
can gain a foot-hold, while the opposite sides descend abruptly and are 
clothed with vegetation, with scarcely a pebble on the surface. 

Whethei* all the drift phenomena of this region are due to these local 
influences I will not' now attempt to decide, but we believe that the 
greater portion of them may be accounted for from the joint action of 
water and ice operating from the direction of the mountain-ranges in 
the immediate vicinity. In my final report I shall attempt to discuss 
these points more in detail. 

Westward from Cooper's Creek, eleven miles, we come to the deep, 
wooded, and somewhat fertile valley of Eock Creek. 

Soon after leaving Cooper's Creek west we observe the Tertiary rocks 
beginning to overlap, and six miles distant we come to a most excellent 
exposure of the coal beds. The slopes are all so gentle, and the super- 
ficial drift deposits cover the surface to such an extent, that I found it 
difficult to secure a connected section of the beds in their order of super- 
position. 

The rusty arenaceous marls of No. 5 seem to pass gradually up into 
the coal-bearing layers without any perceptible break and without a 
very marked change in the sediments. The lower beds of the Tertiary, 
as seen here, are composed of a fine brown grit, very loose, but filled 
with irregular hard masses of rocks, sometimes in layers extending for 
a short distance, but usually in the form of concretions. These concre- 
tions have concentric coats, or they are composed of thin laminae which 
separate very readily. 

Underneath the coal there is a bed of drab clay varying in thickness 
from three to five feet. When the coal is exposed to the atmosphere or 
the waters are permitted to permeate the overlying strata it has a rusty, 
dull-brown appearance, but on penetrating the earth it soon reveals its 
bright color and compact structure. Above the coal there is another 
bed of drab, indurated clay, and then over this a loose grit with layers 
of hard sandstone. 

The clay bed above the coal is full of nodules of iron, also rusty sandy 
concretions. The dip is above 10^ to the northeast from the mountains. 
About a mile west of the opening described above there is another out- 
cropping of coal which has been wrought to some extent. This bed is 
divided by about two and a half feet of drab arenaceous clay. The upper 
portion measures about five feet, the lower six to eight feet, so that we 
have ten to twelve feet of solid coal ; some portions look like dull bitu- 
minous coal, others resembling anthracite very much in appearance. 
Over the coal is the usual drab, indurated clay, filled with vegetable 
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matter in thiD, shaly layers, as if composed of the broken stems and 
leaves of plants. Above this, also, is a bed of loose, rusty-brown sand, 
with sandstone and rusty iron-stone, and still higher up is a bed of very 
hard siliceous rock, compact, of a lighter brown color. The inclina- 
tion of these beds is not great, not more than from 3^ to 5^. At the 
immediate entrance of this mine the dip is not more than 5^. The 
coal can be easily worked and the mine well drained. The roof is simply 
indurated clay, but this can be made firm with wooden supports. 

The coal is of the best quality, close, compact, and moderately heavy, 
but, like most of the Tertiary coals, crumbles on exposure to the atmos- 
phere, as is shown by the great quantities which have fallen to pieces 
at the mouth of the mine. Even when the masses of coal have crumbled 
in pieces some of the fragments retain the shining black color, though 
most of it becomes a dull brown. I am inclined to regard this bed as 
the most important one in this region, and as holding the lowest position 
geologically. It is probably the same one that is wrought so success- 
fully at Oarbon, on the line of the Union Pacific Eailroad. 

[Nearly all the land between Cooper's Creek and Eock Creek has been 
taken possession of as coal-lauds, in claims of 160 acres each. 

So far as I could determine. Rock Creek Yalley is about three to five 
miles wide, and is evidently a valley of erosion. 

On the west side there is a high ridge, plainly Tertiary, and at least 
500 feet high, which slopes down to the creek. 

In some places the strata dip 10^ or 12^, but the average dip is not 
more than 5^. West of Eock Creek there seems to be an unusual 
thickness of sandstone, or loose fine sand. For ten miles or more to the 
westward there is a large area, on both sides of the stage-road, covered 
with massive piles of sandstone, most of it concretions of a rusty -brown 
color. 

In these sandstones are thin layers, with a small amount of calcareous 
matter, which have preserved great quantities of deciduous leaves. 
They indicate the Tertiary age of these rocks, and also show that they 
jut far up close to the foothills of the mountains. 

These massive sandstones give a very rugged aspect to the surface 
of this region. 

The Tertiary strata are very heavy, varying from 1,500 to 2,000 feet in 
thickness in the aggregate, and composed mostly of alternate beds of 
rusty-yellow sandstone, and greenish-gray indurated sands and clays. 
All the beds incline slightly from the mountains about northeast. 

From Laramie Eiver to the Medicine Bow we see no indication of the 
red beds, though they must exist higher up in the mountains. 

On the south side of our road the slopes are very gentle, the hills 
rising up gradually like steps, and all the elevations, and even the 
gorges through j^hich the little streams flow down from the mountains, 
are so covered with debris that all their rough points are smoothed off, 
and so covered with grass that it is difficult to find the basis rocks. 

Even Elk Mountain, which must rise at least 1,500 feet above the bed 
of the medicine Bow at the stage-station, has been so smoothed down by 
drift action, and now covered with grass, that the rocks cannot well be 
seen. 

North of the road the Tertiary rocks made very ragged '' bad lands," 
and the bare surface and conical hills give to this district the same 
gloomy bareness but picturesque appearance of the country occupied by 
the same formations on the Upper Missouri. 

On the night of September 4 we camped on Medicine Bow Eiver, 
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Dear the foot of Elk Mountain. Tbis is quite a large stream, with clear 
pure water, fringed with a wide belt of bitter cotton-wood. 

Elk Mountain forms a short range, with the highest point facing the 
river, and resembles the short range with abrupt front east of the Little 
Laramie Eiver. 

The metamorphic rocks have been elevated, while the unchanged Ter- 
tiary beds jut up against the base without the usual appearance of a 
series pf upheaved ridges, as we find in approaching the nucleus of the 
mountains. This range is only 10 or 20 miles long. It forms what I 
have called an abrupt anticlinal — that is, on one side all the rocks seem 
to have been dropped down at the base and the mountain-side, present- 
ing an almost vertical escarpment, while the opposite side slopes gently 
down, revealing the upturned edges of all the unchanged rocks in the 
region, reposing upon, or inclining at, moderate angles from the meta- 
morphic rocks. 

The numerous branches which constitute the sources of the Medicine 
Bow Eiver form a broad valley scooped out, evidently, from the yielding 
rocks, so that Elk Mountain is to a certain extent an isolated range. 
The Tertiary beds dip away from the foot of the mountain northward, 
and passing across the ridge we find them composed of a series of brown 
and dark-brown indurated clays and sands, with layers of more or less 
laminated rusty sandstone, very fine, but with a little lime and a strong 
tendency to a concretionary structure, varying in thickness from 2 feet 
to 10 or 12. 

Sometimes these rocky layers swell out to a considerable thickness, 
then again diminish until they are lost in the loams, sands, and clays. 
They usually protect the ridges from wearing down and show more dis- 
tinctly the dip of the beds, which here is 30^ to 40^, about 20^ west of 
north. Elk Mountain seems to incline about northwest and to face 
southeast, the southeast front being abrupt, while the northwest slopes 
gently down so as to show clearly that portion of the anticlinal. 

In ihe Tertiary ridges just described are quite extensive beds of lig- 
nite. The first ridge, near the Medicine Bow stage-station, has a bed of 
coal six feet thick, and the harder layers above and below the coal are 
filled with indistinct vegetable impressions. 

The interval between the first main ridge and the second is about one 
and a half miles, and in that interval are shown several beds of lignite 
and layers of light-gray fine-grained siliceous rocks. 

The second main ridge inclines three to five degrees, and this is com- 
posed of a variety of beds, the general color being brown or light-drab, 
while the harder layers are rusty sandstone. 

One bed, perhaps 50 feet in thickness, is composed of fine gray indu- 
rated sand with a greenish tinge. At the summit of this ridge is a layer 
of melted or baked rocks, caused by the burning out«of the coal-beds 
beneath. Impressions of deciduous leaves are found here in consider- 
able numbers. Some of the harder layers are composed of an aggre- 
gate of the crystals of feldspar and quartz, as if the sediments were 
derived directly from the disintegration of the metamorphic rocks. 

The concretionary rocks break in pieces in a variety of ways ; some of 
them exfoliate, as it were — that is, they are formed of concentric coats 
which fall off from the nucleus f others seem to split in thin laminae like 
cutting an apple into thin slices ; others break into irregular fragments. 
All exhibit the same rusty-yellow color on exposure. This is doubtless 
due to the decomposition of the sulphuret of iron, which seems to be to 
a greater or less extent in all the rocks. On coming in contact with 
the atmosphere or moisture this sulphuret of iron becomes the oxide of 
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iron, giving to all the rocks of this region a more or less rusty-yellow 
color. 

In the vicinity of the coal-beds are found considerable quantities of 
brown iron-ore. Large masses were found scattered over the top of one 
of the ridges which had been melted by the ignition of the coal. The 
mean -trend of the upheaved ridges is about northeast and southwest. 

West of the Medicine Bow the aspect of the country is that of utter 
barrenness and gloom ; scarcely any vegetation growing except sage and 
greasewood. Now and then a little lake is seen, but from the alkaline 
character of the water and the absence of any vegetation around their 
borders they only add to the dreariness of the scene. The dearth of 
animal life is equal to that of the vegetable. Now and then the small 
sage-rabbit, Lepus artemesia ; the little rock-squirrel, Tamias quadrivit- 
tatm ; and the sage-hen, or the cock of the plains, are seen. 

A few miles west of Fort Halleck there is a very conspicuous hill on 
the south side of the road, the strata of which incline 25^, though some 
beds near the summit dip 35o. This is called Sheep Mountain. The most 
conspicuous bed in this hill is a yellow-gray sandstone, 300 to 500 feet 
thick, the age of which I could not determine. 

From Medicine Bow to Pass Creek, a distance of 27 miles, the road 
passes through a wide valley, between two upheaved ridges, and nearly 
on a line between the Cretaceous and the Tertiary beds. 

About five miles before reaching Pass Creek the Cretaceous beds show 
themselves clearly on both si(Jes of the road. The rusty sands and sand- 
stones of No. 5 are seen on the right side, while dipping from the flank of 
Sheep Mountain, on the left, are \^ell shown the clays of No. 2, and the 
lighter chalky slates of No. 3. 

All along Elk Mountain the red beds appear high up on the flanks, 
visible, but not conspicuous, and they do not, as usual, color the debris 
at the foot of the hills. There is an unusual accumulation of Cretaceous 
and. Tertiary in this region, at least 5,000 feet in thickness of each. 

Very nearly north of Pass Creek we have an uplift of yellow, rather 
fine-grained sandstone, which presents a front like a wall, built up with 
vertical columns of every form left after erosion. 

The sandstone must have been 150 feet thick. It inclines nearly north 
at an angle of 19o. As we emerge from the hills near Pass Creek, we 
come into a broad open i)lain, and the ridges of upheaval seem to extend 
off ^' en ^/idon," as it were, gently bending from the west northward, 
forming one side or rim of the plain. These ridges of upheaval extend off 
for miles like waves. They are composed of large numbers of alternate 
hills of loose yellow sand and indurated clay and yellow sandstone, the 
whole readily yielding to atmospheric influences, and then the hills as well 
as the valleys are covered with a great depth of fine sand, from which 
the harder beds of sandstone project in long lines or walls. These ridges 
vary in distance from 100 to 1,000 yards apart, a valley always interven- 
ing, a slope on one side and an abrupt front on the other ,• that is, they 
form monoclinals. The broad plain into which we emerge west of Elk 
Mountain must be one of depression, or a large area not elevated with 
the surrounding country, for the ridges of elevation which make so 
marked a feature all around it die out gradually in the plain. On the 
east side the ends of the ridges fade out in the level plain, but on the 
north border they lie along nearly parallel. 

As far as the eye can reach this plain is perfectly level 5 no cuts or 
valleys of erosion to show the underlying rocks. There is a thick de- 
posit of drift over the whole surface. This vast barren sage-plain 
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stretches far westward to Bitter Creek and Green River, with very little 
grass or water for the traveler. 

From onr camp of September 4, on Pass Creek, we traveled nearly 
north or northwest to the railroad. The long ridges seemed to dip away 
from the open plain. The trend of a lone ridge of greenstone was nearly 
east and west. 

The main trend of these ridges is a little north of west, and the dip, 
of course, east of north. 

Looking at the east or southeast side of the plain the mountains seem 
to rise in long ridges, step by step, and to trend about northeast and 
southwest, the southwest end sloping gently down into the plain. When 
we look at details it is almost impossible to discover any system in the 
.trend or inclination of the beds, except in a general way. The aggre- 
gate of the mountain-ranges will be found to have a definite trend, as 
is shown on our topographical maps. The general trend of mountain- 
chains is nearly northwest and southeast 5 but if we examine the smaller 
ridges in detail, we shall find that the forces operated from beneath the 
crust in almost every direction. 

It becomes, therefore, quite important to describe the geology of every 
locality with minuteness, even at the risk of repetition and tediousness. 
From all these detailed descriptions may be derived some important 
generalizations. 

The rusty calcareous sandstones which compose the inner lower ridges 
facing the plain are undoubtedly Upper Cretaceous, and incline 30^ to 
450. These rusty sandstones form a belt about one and a half mile 
wide, the intercalated beds being composed of loose yellow arenaceous 
material, which is covered with grass, the harder layers merely project- 
ing above the surface in patches here and there. Very few fossils can 
be detected in these beds. I found an Inoceramtis, a Baculite^ and a 
species of Ostrea, sufficient to indicate their age. One of these ridges 
of Cretaceous sandstone is very conspicuous, and forms a long wall on 
the north side of the plains, extending about five miles, and then dies 
out. 

We have here also several synclinal and anticlinal valleys, trending 
nearly east and west, but there is an anticlinal valley which commences 
at the foot of Elk Mountain, and strikes northwestward to the Sweet- 
water Mountains. This anticlinal valley may be seen along the Union 
Pacific Eailroad as far as Eawling's Springs Station, when it begins to 
fade out in that direction. It forms the chain of connection, however, 
of the elevating forces which raised those mountain-ranges, linking the 
main ranges south of the plains with those of the north. 

Having given in the preceding pages the details of the geological 
character of the country along the line of the overland stage-route, as 
far west as Green Eiver, we will return to Fort Sanders, and follow the 
line of the Union Pacific Railroad to the same point. And I would here 
remark that so little is known even of the outline of the great formations 
along this route, that any information, however brief, will be of interest. 

The facilities afforded by this road are bringing into this region emi- 
nent men from all portions of the world, and the singular unique geolog- 
ical and geographical features which meet the eye on every side excite 
marked attention and inquiry. 

From Laramie City to Cooper's Lake Station, a distance of 25.6 miles, 
there is a good degree of uniformity in the character of the country as 
we proceed westward. 

On our right the Laramie range appears like a wall bending outward 
to the northwest and west, and finally ceases to be seen. 
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!N'ear the crossing of the Big Laramie Eiver, we see on our right the 
red beds, which are somewhat marked ; we can follow these up to the 

foot of the by their peculiar brick-red color. Here come the 

Cretaceous rocks, especially the upper members of the group. Very 
soon after crossing the Laramie Kiver they continue to a point about 
five miles east of Como, where the Tertiary beds overlap. Isolated 
patches of Tertiary appear before reaching Rock Creek. At the quarry 
the black slates of No. 2 are quite conspicuous, but the sandstones which 
are transported to Laramie and to Cheyenne are most probably Lower 
Tertiary. They are filled with fragments of stems and leaves, some of 
which are distinct enough to determine. 

The surface of the country for the first 25 miles after leaving Laramie 
westward presents a cheerful appearance. The basis rocks are com- 
posed of the arenaceous marls and clays of the Upper Cretaceous period, 
and these, yielding readily to atmospheric agencies, are worn down so 
that all the hills and ridges are smoothed off and rounded, and covered 
with a good growth of grass. Indeed, the county is in striking con- 
trast with that farther to the west. 

After leaving Cooper's Lake Station, we begin to approach the black 
clays of No. 2, and then beyond the Tertiary beds ; and from thence to 
Bitter Creek we pass over one of the most barren, desolate, forbidding 
regions I have ever seen west of the Mississippi. 

From Cooper's Lake Station to a point about 35 miles, the black 
plastic clays of the Lower Cretaceous prevail, giving to the surface of the 
country the usual dark, gloomy, sterile appearance. 

Very little vegetation is to be seen ; no timber ,• and the prevailing 
shrubs are the greasewood and sage. 

The waters of all the streams are full of alkali, and the standing 
I)ools have the color of lye. 

Between Lookout Station and Eock Creek are some cuts through the 
rocks, which revealed many beautiful Cretaceous fossils, as Ammonites, 
BacuUteSy Inoceramus, Belemites, &c., all of which are characteristic of 
the chalk period in the West. 

From a point about 10 miles east of Como to Saint Mary's Station, a 
distance of about 50 miles, the Tertiary formations occupy the country 
with the peculiar sands and sandstone and clays, and numerous coal- 
beds. The most marked development of the coal-beds is at the Carbon 
Station, about 80 miles west of Laramie Station. The rocks incline 
nearly southeast, or south and east. Three entrances have been made to 
the mine, and the bed is nine feet thick. The openings follow the dip, 
and consequently descend. The mines are about 3,000 yards from the 
railroad, but a side track has already been laid to them. More than 1,000 
tons of coal have already been taken, and the Union Pacific Eailroad 
Company are ready to contract for any amount that can be supplied to 
them. The coal at Carbon is of the best quality of Tertiary splint, very 
compact and pure. It is not as hard as anthracite, but the miners in- 
formed me that it was more difficult to work than the bituminous coals 
of Pennsylvania. There are many old miners here who have spent their 
lives in the mines of Pennsylvania and England, and inform me that this 
coal is superior to any of the bituminous coals, and ranks next to anthra- 
cite. It is used to a great extent on the locomotives, and the engineers 
speak in high terms of it, while for domestic purposes the universal 
testimony is that it ranks next to anthracite. Over the coal there is 
what the miners call slate ; this is somewhat earthy, breaking off into 
slabs, showing woody fiber, and much of it looking like charred wood or 
soft charcoal. As we pass up fragments of deciduous leaves are seen 
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more distinctly, and finally the whole graduates into a dark-drab clay. 
At the bottom of the coal there is also a kind of mud shale. In the beds 
above and below the coal are thousands of impressions of decidaons 
leaves, as PopuluSj PlatanuSj lilia, &c. Some of the layers of rocks, two 
to four inches in thickness, are wholly composed of these leaves in a 
good state of preservation, and so perfect are they that they could not 
Cave been transported any great distance. 

This western country will eventually be one of the most important 
coal-mining regions in America. 

The Union Pacific Eailroad Company has placed its coal interests in 
charge of Mr. Thomas Wardell, an old English miner, and he is constantly 
enployed in prospecting and opening mines the whole length of the 
road. At Carbon he has erected six pretty cottages as residences for 
the miners, and a number more are in process of building at Separation 
and Point of Kocks, and other little mining villages will be built up. 
All the apparatus for permanent and extended mining operations will 
be gradually introduced. 

Nearly all the wood now along the line of the road has to be trans- 
ported for a distance of 10 to 40 miles, and in two years from this time 
most of it within a reasonable distance of the road will have been con- 
sumed. The future success of this great thoroughfare is, therefore, 
wholly dependent on the supply of this mineral fuel, and its importance 
cannot be too highly estimated. 

From Saint Mary's to Eawling's Springs, a distance of about 30 miles, 
the railroad passes over rocks of Cretaceous age. No coal beds need be 
soug:ht for in the immediate vicinity of the railroad, although it is quite 
possible that on the north side of the road isolated patches of Tertiary 
containing coal may be found. The railroad, from a point about eight 
miles east of Benton to Eawling's Springs, passes through one of the 
most beautiful anticlinal valleys I have seen in the West. On either side 
the rusty-gray sands and sandstones dip away from the line of the road 
at an angle of 10 to 15 degrees. This anticlinal valley is most marked 
near Fort Steele, at the crossing of the North Platte. About five miles 
east of Fort Steele I made a careful examination of a railroad-cut through 
a ridge of upheaval, which inclined about south or a little east of south. 
We have exposed here, commencing at the bottom, 1st, gray fine- 
grained sandstone, rather massive, and good for building purposes, and 
easily worked, 80 feet thick, dip 25^ j 2d, a seam two feet thick, irregular, 
black, indurated slaty clay, with layers of gypsum all through it ; then 
two feet of arenaceous clay ; 3d, 10 feet of rusty-gray compact sand- 
stone ; 4th, eight feet clay and hard arenaceovis layers, very dark color, 
passing up into harder layers, which split into thin laminae, the surfaces 
of which are covered with bits of vegetable matter ; 5th, about 50 feet 
of rusty yellowish-gray sandstone ; all these sandstones contain bits of 
vegetable matter scattered through them; 6th, 100 to 150 feet of steel- 
brown indurated clay, with some iron concretions ; the clay is mostly 
nodular in form ; Tth, a dark brown arenaceous mud rock, quite hard, 
three feet. From bed fifth I obtained numerous species of marine shells, 
among them a species of Ostrea and Inoceramus in great numbers. The 
upper surfaces of the hard clay layers appeared as though crowded with 
impressions of sea- weeds or mud markings. 

In another railroad cutting, about four miles east of Eawling's Springs, 
I obtained the same Inoceramtis and a large species of Ammonite. These 
fossils are quite important as establishing the age of these rocks. 

At Eawling's Springs are some very interesting geological features. 
At this locality the elevatory forces were exerted more powerfully than 
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at any ottier point along the railroad from Laramie Station to Green 
Eiver. The entire series of rocks are exposed here, from the syenites to 
the Cretaceous, inclusive. The railroad passes through an anticlinal 
opening. 

On the south side of the road are a series of variegated gray, brown, 
and reddish siliceous rocks inclining southwest about 3° to 10°. Best- 
ing upon them is a very hard bluish limestone which is undoubtedly Car- 
boniferous, though I was unable to find any fossils in this region. 

On the north side of the road the ridges of upheaval strike off toward 
the northwest, rising to a height of 1,200 to 1,500 feet above the road. 
If we examine these ridges with care we shall find that the red syenite 
is exposed in a number of places, and we have the opportunity here of 
studying the relations which the unchanged rock sustains to the meta- 
morphic. 

The syenitic beds dip 70^ about southeast, while the unchanged beds 
rest upon them in nearly a horizontal position. The layers which rest 
directly on the syenite are a beautiful pudding-stone made up of rounded 
quartz pebbles and feldspar ; above are layers of fine siliceous rock with 
thin intercalations of clay. The whole series have the position and 
appearance of Potsdam sandstone, and I am inclined to believe that we 
have here a representation of the Lower Silurian period. In all cases 
these rocks repose on the upturned edges of the syenite ; sometimes 
nearly horizontal, again inclining 5° to 10^. In one or two localities 
these Lower Silurian beds are lifted up 1,000 feet or more, nearly horizon- 
tally, while on the sides of the mountain the beds are broken off so as to 
incline 50° to 60^, or nearly vertical. 

The siliceous rocks make most excellent building-stone, and are much 
used by the railroad company. They reach a thickness of 500 to 800 
feet. There is every variety of tidal stratification, mud workings, wave 
and ripple marks, &c. On these siliceous beds rests the blue limestone, 
30 to 40 feet thick, and above are variegated sandstones and the red beds 
in the distance. 

From the tops of these ridges one can see numbers of synclinal and 
monoclinal valleys 5 I mean by monoclinal valleys the intervals between 
upheaved ridges where the beds in each ridge dip in the same direction. 
There is one here which stretches far to the northwest, three to five 
miles in width, and so smoothed by erosion that it forms a level grassy 
prairie. 

In all these upheaved ridges the rocks afford wonderful proofs of ero- 
sion. The Silurian (?) beds exhibit the combined action of water and ice 
in a more powerful manner than the more recent beds, even. 

Everywhere, however, the evidences of erosion during the Drift period 
are on a gigantic scale. Some of the beds are smoothed off as if they 
had been planed ; others are furrowed. 

There is a fine sulphur spring here which gives the name to the station. 
The water issues from under the bed of blue limestone. The water is 
clear and possesses medicinal properties. 

About four miles west of Kawling's Springs the Tertiary beds begin to 
overlap 5 but in the distance, on either side, are lofty ridges which are 
composed of Cretaceous, and perhaps rocks of even older date. 

South of Separation, 15 miles, there is a ridge that is at least 1,000 
feet high, which is certainly formed of Lower Cretaceous, and probably 
also of that great thickness of sandstones and clays which holds a posi- 
tion between the transition beds No. 1 (?) and the brick-red beds. 

Kear Separation, about ten miles west of Eawling's Springs, a coal 
mine has been opened with a bed of coal 11 feet in thickness. I am in- 

7 H 
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clined to believe that it is really the* same bed as the one opened at Car- 
bon, and also near Eock Greek and Cooper's Creek. The strata dip 
nearly west about IQo. The mine has been opened from the sammit of 
the hill, and the bed followed down the inclination, so that all the coal 
will have to be taken up the grade, and the difficulties in drainage will 
be greatly increased. The coal is of most excellent quality. There is, 
above and below the coal, the usual drab indurated clay. Below the clay 
is a bed of gray ferruginous sandstone. On the summits of the hills in 
the vicinity are layers of fine-grained siliceous rocks with arenaceous 
concretions, some of them containing impressions of deciduous leaves. 

The Tertiary beds lie in ridges across the country, for the beds are 
lifted up in every direction. A more desolate region 1 have not seen in 
the West. Nothing seems to grow here but sage-bushes, and in some of 
the valleys they grow very large. 

All over the surface, on the hills, in the plains, are great quantities of 
water- worn pebbles. 

• Many of these valleys are literally scooped out by the erosive forces, 
not by any power now acting, but waters far in excess of the present 
day in this region. 

Some of the widest and deepest of these valleys do not contain any 
running streams at this time. 

The layers of fine-grained sandstone on the hills in the vicUiity con- 
tain more or less impressions of leaves, like those of the Populus and 
Platanus, in a good state of preservation. 

Continuing our course west of Separation, the dip of the Tertiary beds 
diminishes, until, before reaching Oreston, about 13 miles west of Sep- 
aration, they lie in nearly a horizontal position, and all the surrounding 
country presents more the appearance of a plain. At this station the 
Union Pacific Railroad Company have dug a well, and at the depth of 
83 feet a coal-bed was struck, into which the workmen had penetrated 
three feet while I was there. The coal that was brought up was much 
of the same quality as that near Separation, and it is probably the same 
bed. If this should prove to be the same bed, coal must underlie the 
whole country at the depth of about 80 fee^, over an area of at least 100 
square miles. This would prove a most important discovery to the rail- 
road company, inasmuch as it would show the inexhaustibility of a min- 
eral upon which the very existence of the road depends in future. In 
digging the well, beds of bluish arenaceous clay were passed through, 
then black clay with carbonaceous matter all through it. Just over the 
coal was some fine bluish indurated clay, with very distinct impressions 
of leaves. 

The railroad cuts and the wells show very distinctly the character of 
the intermediate softer beds. 

The erosion has been so great in this country, and all the hills and 
canons are so covered with dShris^ that it is almost impossible to obtain 
a clear idea of the color and composition of the intermediate softer beds. 
The harder beds, as sandstones, &c., project, and are accessible to the 
eye without much excavation. 

The Tertiary formations, both marine and fresh water, occupy the 
whole country along the line of the railroad to Green Eiver, and, prob- 
ably, to a greater or less extent, to a point within thirty or forty miles 
of Salt Lake. 

From Creston to Bitter Creek Station, a distance of 45 miles, the beds 
are mostly fresh water, and hold nearly a horizontal position. West of 
Bitter Creek we return to the marine Tertiary again, and the beds dip 3^ 
to 6o nearly east. We have, therefore, between Eawling's Springs and 
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Green River, a soft synclinal basin, tbe marine Tertiary dipping west 
aboat IQo on tbe east side, and tbe same marine beds inclining east 3° 
to 6o on tbe west side, while at Table Rock, Red Desert, and Washakie 
there is a large thickness of purely fresh- water shells, of the generaB Pa- 
ludina, Vnio, Melania^ &c. Table Rock is a sqaare butte, rising up above 
the level of the road about 400 feet. This is composed of beds of sand- 
stone, which, in many instances, is little more than an aggregate of 
fresb- water shells. 

After leaving Bitter Creek Station, the hills approach nearer the road 
and show the character of the marine Tertiary again. 

Seams of coal appear in many places, while yellow arenaceous marls, 
light-gray sand with indurated clay beds, and more or less thick layers 
of sandstone, oceur. The dip of the beds varies from 3^ to 6^ east or 
nearly east. 

At Black Butte Station on Bitter Creek, and 15 miles west of Bitter 
Creek Station, there is a bed of yellow sandstone, irregular in thickness 
and in part concretionary. It is full of rusty concretions of sandstone 
of every size from an inch to several feet in diameter. They are mostly 
spherical in shape, and when broken open reveal a large cavity filled 
with yellow clay or dust of oxide of iron. 

This sandstone is 150 to 200 feet in thickness, forms nearly vertical 
bluffs, and is now, by the action of atmospheric influences, worn into 
the most fantastic shapes. Above this are sands, clays, sandstones of 
every texture, coal-beds, &c. One of these coal-beds near the summit 
of the hill has been burned, baking and melting the superincumbent 
beds. 

I found in several layers the greatest abundance of deciduous leaves, 
and among them a palm-leaf, probably the same species which occurs in 
the coal-beds on the Upper Missouri, and named Sdbal campbelli. There 
is a seam near one of the coal-beds made up of a small species of Ostrea. 
The railroad passes down the Bitter Creek Valley, which has worn 
through the Tertiary beds, and on the east side the high walls can be 
seen inclining at small angles. As we pass down the valley toward Green 
River, the inclination brings to view lower and lower beds. These are 
all plainly marine Tertiaries, while an abundance of impressions of plants 
are found everywhere 5 no strictly fresh- water shells occur, but seams of 
Ostrea of various species. There are also extensive beds of hard, flat 
table-rocks, which would make the best of flagging-stones. On the sur- 
face are most excellent illustrations of wave-ripple marks*, and at one 
locality what appears to be tracks of a most singular character. One of 
the traclis appears to have been made by a soliped, and closely resembles 
the tracks of mules in the soft ground on the river-bottom. Others seem 
to belong to a huge bird ; another to a four-toed pachydermatous ani- 
mal. I have obtained careful drawings of these tracks, as well as speci- 
mens of them. 

In the final report some detailed sections of these Tertiary beds will 
be given ; yet I am convinced that local sections are not important. 
The character of the beds is so changeable that two sections taken ten 
miles apart would not be identical, and, in some cases, not very similar. 
The more recent the age of formation the less persistent seems to 
be their lithological character over extended areas. Although the coal- 
beds seem to be abundant everywhere along the Jine of the road, in 
the Lower Tertiary deposits, yet they have been wrought in few locali- 
ties as yet. 

Near Point of Rocks Station, about 45 miles east of Green River, one 
of the best coal mines I have yet seen in the West has been opened. Mr. 
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W. Snyder, the able superintendent of the Union Pacific Eailroad, has 
ordered a side-track to be laid to it, aboat a quarter of a mile distant. 

Within a vertical height of 80 feet five coal-beds have been opened. 
The lowest is about 100 feet above the bed of the creek. They are re- 
spectively five, one, four, three, and six and one-half feet in thickness. 
The five-foot bed is most valuable, and as the strata are nearly hori- 
zontal, it can be worked with great ease and freedom from water. The 
coal is brought from the mine and thrown down the sides of the hill a 
hundred feet fall or more, and yet so hard and compact is the coal that 
it is not broken by the fall. It is also purer and heavier than any coal 
I have yet seen west of the Laramie Mountains. The other beds already 
opened will yield moderately good coal. There are several other beds 
in these hills which have not yet been examined by the miner. 

Near the summit of the hills, above the coal-beds, there is a seam 
("/Omposed entirely of oyster-shells six inches thick. It is about the size 
of the common edible oyster, but an extinct and probably undescribed 
species. 

Another bed of coal has been opened about 28 miles west of Point of 
Eocks, at Eock Spring. It is about four feet thick, with a bed of sand- 
stone at the bottotn, and a slaty-clay roof. It cannot be worked to ad- 
vantage. Scattered all through the coal-bearing strata are seams and 
concretions of brown iron ore in great abundance. Sometimes these 
seams are quite persistent over extended areas, and vary from four to 
twelve inches in thickness. It occurs mostly, however, in a nodular 
form, and assumes a great variety of characters. There is much of it 
that can be made of economical value where there is a demand for it. 
There are also numerous chalybeate or sulphur springs in that -region, 
which possess excellent medicinal properties. 

In this brief account of the country lying west of the Laramie Mount- 
ains and east of Green Eiver we have shown that vast quantities of coal 
exist, of the best quality, and that in intimate connection with it are 
valuable deposits of iron-ore. We also believe that within a few years 
these deposits of iron and coal will be found to be of infinite value to the 
Union Pacific Eailroad, and that the future success and value of the 
stock of this road is dependent on these minerals, especially the coal. 
Mr. Van Lennep, connected with the Union Pacific Eailroad as geolo- 
gist, described more than fifty localities where the coal crops out to the 
surface not far distant from the line of the road. A more careful exami- 
nation for practical purposes I am convinced would reveal the existence 
of coal and iron in hundreds of localities from Eock Creek to the neigh- 
borhood of Salt Lake, and there are indications that they exist even be- 
yond this point in different directions. 

We have taken the position, also, that the coal-bearing beds of the 
Laramie Plains are of Tertiary age, although some marine fossils are 
found in strata connected with the coal. There may possibly be some 
thin seams of impure coal in the Upper Cretaceous beds, as if the great 
period of vegetation and the storing up of coal in the West was fore- 
shadowed in the Cretaceous. At any rate, the Upper Cretaceous beds 
contain a great amount of vegetable matter, but mostly too obscure for 
determination. 

So far as I can determine, the growth of the continent forward in 
time from the Cretaceous period seems to have been constant. I can find 
no break in time j no want of conformity between the Tertiary and Cre- 
taceous beds 5 and, indeed, so gradually and imperceptibly do the Cre- 
taceous beds pass up into those of the Tertiary, that I have not been able 
to determine the line of separation. 



■> a J 



GEOLOGICAL SURVEY OF THE TERRITORIES. 101 

.. o - * 

* • 

The lower portions of the Tertiary period of tlie- West seem to be ma- 
rine in their character, as shown by an abundance of %fossil remains of 
the genus Ostrea; but the physical conditions do" ngit, seem to have 
been favorable for the development of a great varielv of marine life. 
The impressions of deciduous leaves similar to those 'belonging to our 
present fruit and forest trees are very numerous throughout'the Tertiary 
beds of marine character, and they may be found in almost uU localities 
where the character of the rocky beds is such as to favor thetf preser- 
vation. The marine beds gradually pass up into those of ptirely fresh- 
water character. ^!'^ - 

All these facts are very important, inasmuch as they fulfill -atl the 
conditions x)f the growth of the continent, showing clearly all th°e,«tep8 
of progress onward even <to the present time. ; 

There is another point of interest connected with these modem^deF. 
posits of the West. There seems to have been a vastly increased de- 
position of sediments during both Cretaceous and Tertiary times in the 
West. The sediments are greatly deficient in calcareous matter, and 
show a vast preponderance of arenaceous material. I have estimated 
the thickness of the Cretaceous beds, as shown west of the Laramie 
Mountains, at 6,000 feet, and the Tertiary the same ; so that we have here 
10,000 feet of rocks of comparatively modern date. 

The next important question is, can all this vast area be made useful for 
agricultural or grazing purposes 1 "^ 

We have shown that the eastern slope of the mountains can be culti- 
vated very successfully by irrigation, but west of the Laramie range the 
elevation above the sea is greater, and the climate much more severe in 
winter. Even at the Laramie River the elevation above the tide- water 
is 7,222 feet, nearly 3,000 feet higher than Salt Lake Valley, and more 
than 1,000 feet above Cheyenne City, near the eastern base. 

The Laramie Plains are also surrounded by lofty ranges of mountains, 
the tops of some of which are covered with perpetual snow. The sum- 
mer, therefore, in these plains must always be short, and the winter 
severe. It is believed, however, that east of the Medicine Bow Eiver the 
principal cereals, as wheat, buckwheat, oats, and barley, can be raised 
successfully. Potatoes and turnips, of very good quality, have been 
raised this year in the valley of Rock Creek, on sod ground, and with 
very little irrigation. 

The following valuable notes were furnished me by Major-General 
John Gibbon, United States Army, commanding Rocky Mountain de- 
partment, with permission to copy them entire. General Gibbon has 
given more attention to this subject than any other man in the Territory. 
He has cultivated an extensive garden at the military post. Fort 
Sanders, for two years past. 

Vegetables which can be raised in Laramie Plains : 

All seed should be planted as soon after 1st of May as possible. 

Potatoes, — Should be planted early in May, in rows three feet apart ; 
thoroughly irrigated immediately after planting, and the ground be- 
tween the rows jfrequently kept open with a cultivator. It would be 
better to plow out the furrows^ fill them with manure or straw, and 
plant on that. 

Peas. — Very fine; soak the seed before planting in rows three feet 
apart, and cultivate as above. 

Stringbeans. — The same. 

Radishes. — Very fine; sow either broadcast or in rows three feet 
apart, thin, and then weed out to four inches apart. 
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Turnips. — Of all.&iu3», very thin in rows three feet apart, and weed 
out to twelve incbes-apart. 
Parsnips. — A.^*fib6rve, and to next spring for eating. 
Carrots. — Afi'Move. 

Cabbage. — S}lould be well and early started in a hot-bed, and planted 
out when ha1r4/ai^ strong. 
Letttice.—Eiihev broadcast or in rows, thin. 
Caulifiower. — Same as cabbages. 

Beet»^—Xii rows three feet apart ; sowed thin and weeded out to eight 
or teu'iiifJhes apart. 

Qh0H8, — Sowed thin in rows three feet apart ; and cultivated seed- 
lings "•planted in rows three feet apart, and four inches from each other. 
*«^OTE. — Everything needs all the time it can get to grow in. The 
;8«^d should, therefore, be sowed very thin, watered well until the seed 
^ •- comes up, and then weeded out early to give it plenty of room to grow. 
*' •'•When the plants are left thick, they all run to heads, and when weeded 
out late they do not have time to grow. 

Very respectfully, your obedient servant, 

F. V. HAYDE]^, 

J7. S. QeologisU 
Hon. Jos. S. Wilson, 

Commissioner General La/nd- Office. 
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Denver, Colorado Territory, 

October 15, 1869. 

Sir : In accordance with your instructions dated Washington, April 1, 
1869, 1 have the honor to transmit my preliminary field report of the 
United States geological survey of Colorado and Kew Mexico, con- 
ducted by me, under your direction, during the past season. A portion 
of your instructions is as follows : 

"v You will proceed to the field of your labors as soon as the necessary 
arrangements can be made and the season will permit, and your attention 
will be especially directed to the geological, mineralogical and agricul- 
tural resources of the Territories herein designated ; you will be required 
to ascertain the age, order of succession, relative position, dip, and com- 
parative thickness of the different strata and geological formations, 
and examine with care all the beds, veins, and other deposits, of ores, 
coals, clays, marls, peat, and other mineral substances, as well as the 
fossil remains of the different formations 5 and you will also make full 
collections in geology, mineralogy, and paleontology, to illustrate your 
notes taken in the field.'' 

In accordance with the above instructions I proceeded to Cheyenne, 
Wyoming Territory, where my preparations and outfit were made. 

My assistants were selected as follows : 

1. James Stevenson, managing director and general assistant. 

2. Henry W. Elliott, artist. 

3. Rev. Cyrus Thomas, entomologist and botanist. 

4. Persifer Frazer, jr., mining engineer and metallurgist. 

5. E. C. Carrington, jr., zoologist. 

6. B. H. Cheever, jr., general assistant. 

Five men were also employed, three of them as teamsters, one as 
laborer, and the other one as cook. 

As soon as my preparations were completed, my field labors com- 
menced, June 29, at Cheyenne. Limited somewhat as to time and means, 
I arranged my plans so as to cover as much ground as possible and secure 
the greatest amount of geological information. On the plains the 
geological structure is very simple, and frequently over large areas the 
basis rocks are concealed by superficial deposits. It seemed best, there- 
fore, to make my examinations southward along the eastern base of the 
Rocky Mountains for the purpose of studying the upheaved ridges, or 
" hog backs,'' as they are called in this country. These ridges afford 
pectdiar facilities for working out the geological structure of the country. 
Indeed, they are like the pages of an open l30ok upon which the geolo- 
gist can read what the Creator has written upon each formation known 
in the country from the granite mass that forms the nucleus of the 
loftiest mountain range to the most recent tertiary formation inclusive. 
Often in a little belt, from half a mile to four or five in width, one may 
travel over the upturned edges of nearly all the formations in the geolo- 
gical scale, and the opportunity was presented, in this way, for tracing 
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out tbeir relations by studying the junction of the changed with the 
unchanged rocks. 

From Cheyenne to Denver we examined with some care the mines about 
the sources of the Cache ^ la PoudreEiver and the coal mines at South 
Boulder. From Denver we visited the silver mines at Georgetown, and 
the gold mines of Central City, thence to the Middle Park, where we 
found much of interest geologically. We then returned to Denver and 
pursued our way southward, passed the " di\ide'' to Colorado City, Soda 
Springs, Canon City, Spanish Peaks, Raton Hills, Fort Union, Mora 
Valley, Santa F6, Placiere Mountains, &c. Along this route the 
sceneiy was grand beyond description. At Colorado City there is an 
area of about ten miles square that contains more material of geological 
interest than any other area of equal extent that I have seen in the 
west. 

The coal formation along the base of the mountains was studied with 
great interest. With these coal beds arc associated valuable deposits 
of brown iron ore. The coal and iron deposits of the Raton Hills extend 
from the Spanish Peaks to Maxwell's, and the supply of both is quite 
inexhaustible and of excellent quality. The future influence of these 
two imi)ortant minerals at this locality, on the success of a Pacific rail- 
road, cannot be over-estimated. It is believed that the coal and iron 
mines of the Raton Hills will be of far more value to the country than 
all the mines of precious metals in that district. 

The next locality for coal was at the Placiere Mountains. In one 
locality here, the coal has been changed into anthracite by the eruption 
of a basaltic dike, the igneous material of which had poured over the coal 
strata. Vast quantities of brown iron ore are associated with this coal, 
and magnetic iron ore is found in the gneissoid rocks of the mounts^iin. 
The gold mines here are very rich and are now wrought upon a true 
scientific plan. 

From Santa Fe we proceeded up the Rio Grande through the San 
Lnis Valley, Poncho Pass, Arkansas Valley, through the South Park to 
Denver again. We could only give a glance at the salt springs and 
gold mines of the South Park, but we gathered much valuable informa- 
tion in regard to this interesting region. To the geologist Colorado is 
almost encyclopedic in its character, containing within its borders 
nearly every variety of geological formation. The portion of the 
country examined by me this summer, comprises a belt about five hun- 
dred and fifty miles in length from north to south, and almost two 
hundred in width from east to west. 

The collections in all departments are very extensive and valuable, 
comprising geological specimens, fossils, minerals, plants, birds, quadbru- 
peds, reptiles, and insects, all of which are to be arranged and classified 
in the museum of the Smithsonian Institution according to a law of Con- 
gress. 

My report, here\vith transmitted, has been written under circum- 
stances of great pressure at odd moments, in traveling from point to 
point, or in camp after the labors of the day were completed, far away 
from books or any opportunities for careful elaboration. It may there- 
fore be regarded as little more than a transcript of my field-notes. 

Accompanying my own report will be found those of my assistants. 
Mr. Persifer Frazer, jr., on the mining resources of the route passed over, 
and Mr. Cyrus Thomas on the agricultural resources. I regard these 
reports as of great practical value to the country. 

I take this opportunity of tendering my thanks to all of my assistants 
for their cordial co-operation throughout the entire survey. The reports 
of Messrs. Thomas and Frazer will speak for themselves. Mr.. EUiott, 
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the artist, lias labored with untiring zeal, and has made more than four 
hundred outlines of sketches, and about seventy finished ones for the 
final reports. Each one of these sketches illustrates some thought or 
principle in geology, and, if properly engraved, will be invaluable. My 
principal assistant, Mr. James Stevenson, who has been associated with 
me in my western explorations for many years, has rendered me indis- 
pensable services throughout the entii^e trip. 

I beg permission to state here that my appropriation was so limited 
that had it not been for the kindness and generosity of the military 
authorities of the country, I could have accomplished but a small 
portion of the work that I have performed during the present season, 
and I take this opportunity to say that the West is very largely indebted 
to them for whatever benefit my labors have been or may be to the 
country. 

Before leaving Washington, I made application by letter to General 
Sherman, commanding the armies of the United States, for such assist- 
ance jfrom the military authorities of the West as could be afforded to 
me without manifest injury to the public service. On my letter of appli- 
cation. General Sherman placed the following indorsement : 

" This application is referred to the commanding ofiicers of the depart- 
ments, districts, and posts, who will extend to Professor Hayden's party 
the usual courtesies, and the privilege of purchasing a limited quantity of 
provisions on the same terms as officers." 

Similar indorsements were made by Generals Sheridan, Schofleld, and 
Augur. The greater part of my^ outfit was supplied to me by Colonel E. 
B. Carling, United States army, depot quartermaster at Fort D. A. Eus- 
sell, Wyoming Territory 5 and I cannot express too cordially my grateful 
acknowledgments to him for his generous aid, not only for this season, 
but also for two previous campaigns. I am also under equal obligation 
to General William Myers, United States Army, chief quartermaster 
department of the Platte, at Omaha, for invaluaole aid in several past 
years. When we came in the vicinity of a military post, at Fort Union, 
Santa F6, or Fort Garland, we received all the aid we needed. 

I would also extend my grateful acknowledgments to the press and the 
citizens of Colorado and New Mexico, but more especially to Colorado 
for their cordial aid and sympathy in all my explorations. 

If my labors have added anything to the sum of human knowledge and 
the honor of our country, I shall be content. 

I remain very respectfully, your obedient servant, 

F. V. HAYDEN, 
United States Oeologist 

Hon. J. D. Cox, 

Secretary 0/ the Interior. 
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INTEODUCTION. 

In order that the relation of the different geological formations re- 
ferred to in this report may be more clearly understood, I have thought 
it best to commence with the upper coal measures as exposed along the 
Missouri Eiver near Omaha and the mouth of the Platte. 

Omaha, which is well known to be the eastern terminus of the Union 
Pacific railroad, is built upon the northwestern rim of the coal meas- 
ures as seen along the Lower Missouri. These rocks occupy a consid- 
erable portion of the State south of the Platte Eiver, but north of that 
point they cover only a small portion of Sarpy and Douglas Counties. 
The last exposure of any importance is near the point decided upon as 
the location for the railroad bridge across the Missouri, The limestones 
at this point have been quarried for many years, but the amount of 
labor required to remove the vast thickness of mf^rl and drift above it, 
will diminish greatly the importance of this quarry. Near Florence 
these limestones are seen in the bottom of the river at very low water, 
and near De Soto, obscure exposures have been detected. From that 
point to the foot of the mountains these rocks are not again seen. Along 
the Platte Eiver for about eight miles there are extensive quarries of 
limestone that are very useful for building purposes. Scattered over 
the surface of the country in the two counties of Douglas and Sarpy, are 
exposures of the rusty sandstone of the Dakota groui); and at the mouth 
of the Elkhorn Eiver all traces of the coal measure rocks have disap- 
peared, and do not reappear again until we reach the very margin of 
the mountains, over five hundred miles to the westward. After leading 
the mouth of the Elkhorn very few exposures of rocks are seen for the 
next hundred miles, but there are enough to show that the underlying 
rocks are of cretaceous age. Near the mouth of Elkhorn Eiver the 
sandstones of the Dakota group are seen, while on the distant hills 
traces of the yellow, chalky limestone, No. 3, occur. After reaching a 
point along the Platte about one hundred miles west of Omaha, the light, 
yellowish marls and sands of the White Eiver group overlap the older 
rocks and occupy thecountry to the very margins of the Eocky Mountains. 
But the most important formation, and one that has a more favorable 
influence on the State of Nebraska than any other, is of very recent date 
in geological history. In the valley of the Missouri Eiver, extending 
up nearly to Fort Pierre, and also to the mouth of the Missouri, and 
probably southward to the valley of Mexico, is a deposit of yellow marl 
varying in thickness from a few feet to several hundred. It has been called 
" the bluff* formation," for it constitutes the picturesque bluffs or high hills 
which form the most conspicuous features in the scenery along the Mis- 
souri Eiver. This yellow marl also enters largely into the composition 
of the soil of the vast bottom lands of the river vvliich are so justly cel- 
ebrated for their fertility, ft is, however, in the immediate proximity 
to the water-courses that this yellow marl deposit is the thickest, and it 
gradually diminishes in depth as we recede jfrom them; still, it is to this 
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deposit that a very large portion of the West is indebted for its unsur- 
passed fertihty and i)roductiveness. It covers the country with such 
uniformity that it conceals almost entirely the basis rocks jfrom view. 
Underlying this marl is a considerable deposit of drift material, as . 
rounded pebbles or boulders and coarse sand, often presenting the most 
singular illustrations of oblique layers of deposit. The marl is usually 
quite homogeneous in its composition, and almost or entirely destitute 
of stratification, and the materials seemed to have been deposited in 
very quiet waters, and to have settled to the bottom of a fresh- water 
lake like gently-lalling snow. The drift materials, as a rule, exhibit the 
irregular laminae as if they had been deposited by currents of waters 
The exceedingly great importance of this yellow marl deposit is not yet 
well understoodsor appreciated, but it seems to me that the wonderful 
fertility of the soil of the western States and Territories, and its perma- 
nent productiveness for all time to come, is due to it. 

The eastern portion of Nebraska is already quite thickly settled, and 
is susceptible of cultivation, but the w^estern part must be inhabited, if 
settled at all, by a pastoral people. 

These broad, level prairies are covered with a thick growth of short, 
nutritious grass, but the scarcity of water for the purpose of irrigation, 
and the almost entire absence of forest trees, must ever prevent settle- 
ments to any great extent. In the autumn nearly all the smaller streams 
dry up entirely, and several seasons the Platte has been known to be- 
come so low as to have no continuous current. It is a peculiar feature 
of these western streams, at times to be larger toward their sources than 
at their mouths. The Platte in its various branches always has an 
abundant supply of water, as their heads issue from the mountain sides, 
but in traversing the plains there are few or no springs or branches en- 
tering into it, or the water is entirely absorbed by the arid earth or thirsty 
air, until the bed becomes as dry as the dusty road. Hence all over the 
Rocky Mountain regions in the autumn are what are called dry creeks, 
with beds which, when full in the spring time, form large rivers. 

The Platte Eiver flows, for a distance of over four hundred miles, 
through the southern portion of what I have termed the White Eiver 
tertiary basin, in contradistinction to the great lignite tertiary basin. 
The former has be^n separated into two formations, the White River 
group and the Loup River beds, on account of the organic remains char- 
acterizing each. The two former are entirely distinct, not a species pass- 
ing from one to the other. I have supposed hitherto that the Platte 
River flowed through strata belonging to the Loup River group. They 
are certainly of quite recent age, but the pliocene remains that I col- 
lected on the Niobrara River came from loose gray sands which rested 
with a certain kind of unconformability on the eroded surface of the 
White River group. It is plain also that the valleys of the more import- 
ant streams have been worn out, to some extent, prior to the deposition 
of the pliocene sands. 

In the valley of the Niobrara and Loup Fork the pliocene sands are 
quite thick, and the line of separation between them and the White River 
group is very irregular, while on the hills the sands occur in many places, 
on and in, isolated hills. 

The details of the geology of this most interesting region still remain 
to be worked out, and its geographical extent will be found to be much 
larger than has hitherto been supposed. The soil composed of the ero- 
ded materials of this basin is of moderate fertility, but owing to a want 
of water cannot be cultivated to any great extent. The greater portion 
of the surface underlaid by these beds is covered with a fine growth of 
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grass which is especially adapted to the raising of sheep, and I am glad 
to see that some enterprising persons are making the ex|^eriment. The 
health^lness of the climate, the nutritious character of the short grass, 
and the dryness of the ground, not unfrequently covered with small 
pebbles, must act favorably on sheep. 

That portion of Wyoming east of the Laramie range, and south of the 
line of the Union Pacific railroad, is entirely covered with the upper 
beds of the White Eiver tertiary basin. The valley of Lodge Pole, Crow 
Creek, and Chugwater, show the formations of this basin very distinctly 
from mouth to source. The Union Pacific railroad ascends the eastern 
slope of the Laramie range on a sort of bench of this formation, which 
seems to be unusually developed, and to extend without much interrup- 
tion up to the very margin of the mountains, sometimes concealing all 
the rocks of intermediate age and resting on the syenites. 

About twenty miles south of Cheyenne these beds disappear entirely 
along the eastern flanks of the mountains, and the lignite tertiary beds 
are exposed to view. 



CHAPTER I. 

FROM CHEYENNE TO DENVER. 

I commenced my labors at Cheyenne, Wyoming Territory, and pro- 
ceeded southward along the eastern flanks of the Rocky Mountains. 
My preliminary report will be little more than a transcript of my journal 
from day to day. It will be, therefore, impossible to systematize it as I 
would wish, or avoid in many cases repetition. There is great uniformity 
in the geology of the country, and when one has become familiar with the 
different geological formations over a small area, he can trace them with 
great rapidity over long distances. This will account, in part, for the 
large extent of country which 1 have been able to examine in a single 
season. The geological formations immediately underlying Cheyenne 
are of tertiary age, probably pliocene or very late miocene. The beds 
have been slightly disturbed by the upheaval of the mountain range, but 
their position in relation to the older tertiary beds shows their deposition 
to have been of late date. They are found deposited in the valleys and 
sometimes high on the mountain sides, and it is very seldom that they dip 
at an angle of more than five degrees. These beds can be tracedfar north- 
ward to the Black Hills of Dakota, a distance of three hundred and fifty 
miles, and they are thus shown probably to be the upper beds or most re- 
cent formation of the White River tertiary. Along the base of the moun- 
tains the rocks are mostly pudding-stone, or an aggregate of small water- 
worn pebbles, mostly very small, but sometimes several inches in diame- 
ter. These pebbles grow smaller and fewer in quantity as we recede 
from the mountains until they entirely disappear, and fine sand or marl 
takes their place. ^N'ear Cheyenne there is a bed of fresh-water lime- 
stone which is much used as lime, and seems to answer an excellent pur- 
pose in mason work and for whitewashing, and I have no- doubt that 
such beds or layers occur in this basin everywhere. Along the line of 
the Union Pacific railroad, just before reaching Granite Canon, a bed 
of the most excellent limestone crops out, on the margin of the range, of 
carboniferous age. This is burned into lime of snowy whiteness and is 
a great fovorite with masons. It contains some fossils of well known 
carboniferous forms, as Athyris suhtilita^ Frodtictm pratteniana^ and 
crinoidal fragments. The red sandstones are exposed in a narrow belt 
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along the mjirgins of the mountains, but all rocks of more recent date 
arc concealed by the tertiary deposits. In order that I may make my 
description of the different formations in their southern extension more 
clearly understood, I will describe them in as brief a manner as pos- 
sible, as they have been studied in the regions to the northward. 

The granites and metamorphic rocks do not differ in many respects from 
those which form the nucleus of the mountain ranges generally. Eeddish 
and gray granites form the central portions, and on the sides is a series of 
stratified metamori)hic rocks of a great variety of structure and com- 
position. At the north the igneous rocks do not seem to predominate 
in the eastern ranges, but as we proceed southward toward Kew Mexico 
they increase in extent and force. 

The Potsdam sandstone is the only member of the Silurian that I have 
ever observed along the margins of the mountains. It was first dis- 
covered west of the Missouri Kiver in the summer of 1857, during the 
exploration of the Black Hills of Dakota, by a United States expedi- 
tion under the command of General G. K. Warren, United States Army, 
and it has been observed in several other localities since that time. 

The following section of the Potsdam sandstone in its relation to the 
carboniferous beds, as observed by me around the margins of the Black 
Hills, shows the typical characters of each, where they are weU exposed 
and have been clearly identified by organic remains : 

1. Hard, compact, fine-grained, yellowish limestone of an excellent 
quality; passing down into a yellow calcareous sandstone, quit« friable. 
Fossils : Rhyneonella rocTcy-montanaj Athyris stihiilitaj Gyrtoceras. &c. — 
50 feet. 

2. Loose layers of very hard yellow arenaceo\j[S limestone with a red- 
dish tinge, underlaid by a bed, six or eight feet in tliickness, of a very hard 
blue limestone. The whole contains great quantities of broken crinoi- 
dal remains with cyathopylloid corals and several species of brachio- 
poda — 40 feet. 

3. Variegated sandstone of a gray and ferruginous reddish color, com- 
posed chietiy of grains of quartz and jiarticles of mica, cemented with 
calcareous matter. Some portions of the bed are very hard, compact, 
siliceous; others a coarse triable grit; others conglomerate. Fossils: 
Lingulaprimaj L. antiqua, Oholella nana,, and AHoneUtis oweni — 50 feet. 

4. Stratified metamorphic rocks in a vertical position for the most part. 
Bocks about the same as those above described, sometimes very much 

thicker and sometimes thinner, have been seen, more or less, all along the 
margin of the Kocky Mountains, on both sides the main axis from the 
north line to Cheyenne. 

About the sources of the Missouri Biver, along the flanks of the Big 
Horn and Wind Biver Mountains, these rocks are particularly devel- 
oped. Now and then they all disapi)ear for a considerable distance, and 
then, at the first favorable opportunity, reappear from beneath beds of 
more recent date. A series of aEeuaceous beds, which we have called 
the " red arenaceous deposits, or triassic,'' form one of the most con- 
spicuous features of the geology along the flanks of both sides of the 
priuci])le ranges of mountains and are almost always present. They 
were first observed by me, forming a narrow belt or girdle around the 
granite nucleus of the Black Hills of Dakota, in the summer of 1857. 
These rocks are sometimes called saliferous of gypsum-bearing beds«from 
the fact that they contain both salt and g^^suni, the latter mineral 
oftentimes in great quantities. There are also mingled with these beds 
several layers of bluish siliceous limestone, which at the far north at- 
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tain a considerable thickness, but southward thin out to a few feet, or 
are entirely concealed by the debris which everywhere prevails. 

These red beds, when they make their appearance, often give the most 
unique and remarkable features to the scenery, and any development of 
them, however small, never fails to attract even the commonest observer 
on account of their brick-red appearance. Ko well-authenticated fossils 
have ever been found in them, yet they are regarded as of triassic age 
by the common consent of geologists. I am inclined to believe that a 
portion of the upper light-red beds, with the included layers of flinty 
limestone, are Jurassic, but I have never been able to find any well de- 
fined line of separation between what are well known to be Jurassic and 
the supposed triassic beds. 

Ki?sting above these red beds is a series of marls and arenaceous marls 
of a light or ashen gray color, with harder layers of limestone or fine 
sandstone, which were also first discovered around the margin of the 
Black Hills of Dakota in 1857. Since the discovery in the Black Hills, 
Jurassic fossils have been found over a very wide geographical area, and 
yet I have never seen them so well developed, or the peculiar fossils so 
abundant, as at the locality where they were first observed. Although 
I have traced this jiu'assic belt by its organic remains over many hun- 
dreds of miles, I have been able to discover scarcely a well-defined 
Jurassic fossil south of Deer Creek, a point one hundred miles north of 
Fort Laramie, or south of the Lake Como, on the Union Pacific railroad. 

I believe that a thin remnant of this belt extends far south to New 
Mexico, but it is often so obscured, or so easily concealed, that I have been 
continually in doubt in regard to its existence. Coextensive with all 
the mountain ranges is a large series of beds above the Jurassic belt 
which belong to the cretaceous period, the upper and middle portions of 
which are everywhere indicated by characteristic fossil remains, as seen 
on the Missouri River, where they were first studied by Mr. F. B. Meek 
and the writer. The cretaceous rocks present five well-marked divisions, 
Nos. 1, 2, 3, 4, and 5, or Dakota group, Fort Benton group, Niobrara 
di^ision, Fort Pierre group, and Fox Hill beds. On the Lower Missouri 
No. 1, or Dakota group, is characterized by several species of marine 
shells and a i)rofusion of impressions of deciduous leaves; but along the 
margins of the mountain elevations I have never been able to discover 
a single specimen of organic remains that would establish the age of the 
rocks. 1 only know that there is a series of beds of remarkable -persist- 
ency all along the margin of the mountain ranges, holding a position 
between well-defined cretaceous No. 2 and Jurassic beds, and in my pre- 
vious reports 1 have called them transition beds, or No. 1. They consist 
of a series of layers of yellow and gray, more or less fine-grained sand- 
stones and pudding-stones, with some intercalated layers of arenaceous 
clays. In almost all cases there is associated with these beds a thin series 
of carbonaceous clays, which sometimes becomes impure coal, and con- 
tains masses of silicified wood, &c. On the west side of the Black Hills 
they assume a singularly massive appearance, nearly horizontal, two 
hundred to two hundred and fifty feet thick, and are called Fortification 
liocks. Here also occurs a thin bed of carbonaceous clay. On the east- 
ern slope of the Big Horn Mountains I observed this same series of beds 
in the summer of 1859, holding a position between cretaceous No. 2 and 
the Jurassic marls, with a considerable thickness of earthy lignite, large 
quantities of petrified wood, and numerous large uncharacteristic bones, 
which Dr. Leidy regarded as belonging to some huge saurian. 

There are very few points of resemblance between these beds and 
those which form the Dakota group, as seen in Kansas and Nebraska. 
8 H 
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All the evidence therefore that I have had to gnide me in regard to 
these beds along the margin of the mountain ranges has been their 
position. 

'So. 2, on the Missouri Eiver, is composed of very black plastic cla3r8, 
with some thin layers of limestone and sandstone, and is quite well sepa- 
rated from No. 1 below and No. 3 above. No. 3 is composed of massive 
layers of chalky limestone, always containing Inoceramm problematicug 
and Ostrea congesta. 

Along the Kansas Pacific railroad, at Hayes City and Fort Wallace, 
No. 3 occurs in such massive layers that it is sawed into building blocks 
with a common saw. No. 4 is a dark ashen steel-colored laminated clay, 
with bluish calcareous concretions filled with shells. No. 5 is a yellow- 
ish ferruginous arenaceous clay, with the greatest abundance of mollus- 
cous fossils. At various localities all along the margin of the mountain 
ranges these divisions of the cretaceous are far less distinctly separated, 
and vary more or less in their structure and composition, and yet in 
.tracing them carefully and continuously from the Missouri River they 
always retain enough of their typical character, so that I have never 
been at a loss to detect their presence at once, although after leaving 
the Missouri River we do not find any well-defined lines of separation, 
either lithologically or paleontologically. 

With the commencement of the tertiary was ushered in the dawn of 
the great lake period of the West. The evidence seems to point to the 
conclusion that from the dawn of the tertiary period, even up to the 
commencement of the present, there was a continuous series of fresh- 
water lakes all over the continent west of the Mississippi River. As- 
suming the position that all the physical changes were slow, progressive, 
and long-continued^ and that the earlier sediments of the tertiary were 
marine, then brackish, then purely fresh water, we have through them 
a portion of the consecutive history of the growth of the western conti- 
nent, step by step, up to the present time. The earliest of these great 
lakes marked the commencement of the tertiary period, and seems to 
have covered a very large portion of the American continent west of 
the Mississippi, from the Arctic Sea to the Isthmus of Darien. 

As I have before stated, the first sediments were marine, then came 
brackish water, and soon purely fresh water, as is plainly indicated by 
the organic remains. The lower beds of the great lignite basin every- 
where contain layers, varying from a few inches to two feet in thick- 
ness, made up almost entirely of oyster shells, with a few other species 
of marine or estuary types. No exclusively marine forms have as yet 
been found to my knowledge, but as we ascend in the beds all traces of 
the salt sea disappear, and a great profusion of fresh -water and land shells 
appear, with vast quantities of the impressions of leaves of deciduous 
trees. Numerous beds of coal, varying in thickness from a few inches 
to fifteen or twenty feet, characterize this deposit. 

About the middle of the tertiary period the second extensive lake 
commenced in the West, which we have called the White River tertiary 
basin. We believe that it commenced its growth near the southeastern 
base of the Black Hills, and gradually enlarged its borders. I am in- 
clined to think that this lake has continued on, almost or quite up to the 
commencement of the present period 5 that the light-colored arenaceous 
and marly deposits in the Park of the Upper Arkansas, in the Middle 
Park, among the mountains at the source of the Missouri River, in Texas 
and California, and Utah, are all later portions of this great lake. The 
upper miocene or pliocene deposits in the Wind River Valley, near Fort 
Bridger^ and on the divide between the Platte and the Arkansas Biyers, 
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were undoubtedly synchronous, though perhaps not connected with fhis 
great basin. Every year, as the limits of my explorations are extended 
in any direction, I find evidences of what appear to be separate lake 
basins, covering greater or less areas, and bearing intrinsic proof, more 
or less conclusive, of the tinya of their existence. I have given in this 
place the above lirief description of the various geological formations 
as 1 have studied them in the West, in order that my subsequent remarks 
on these formations in their southern extension may be more clearly 
-understood. Constant reference will be made to rocks as they have 
been seen in the far ]S"orth and West, in order that the story of their 
geological extension may be linked together. 

June 29, 1869. — Left Fort D. A. Eussell about 10 o'clock in the morn- 
ing with my entire party, consisting of twelve persons and eighteen 
mules and horses, with two large covered wagons and an ambulance. 
By the kindness of Colonel E. B. Carling, the depot quartermaster, at 
Fort D. A. BusseU, 1 was provided with everything needful for inde- 
pendent camp life, and I at once commenced my explorations in earnest. 

We traveled to-day thirteen miles southward from Fort Eussell. Our 
entire route was over the more recent beds of the White Biver tertiary 
basin. The lowest bed exposed by the cuts in the streams, is a thick layer 
of flesh-colored indurated marl, much like that containing so many ver- 
tebrate fossils on White Biver, Dakota. It contains some thin layers of 
very fine gritty rock. Overlying this is a thick bed which appears more 
recent, yet apparently confoims to the marl beds below. It is composed 
of water- worn pebbles of various sizes, forming a real pudding-stone. 
Kear the margins of the mountains this bed gives the characteristic 
features to the scenery, as it is cut through by the myriad small streams 
that issue from the mountain side. It is at least three or four feet in thick- 
ness. Most of the pebbles are from the granite rocks that form the cen- 
tral portions of the Laramie range. The beds all dip from the mountains 
eastward at a moderate angle, and it is evident that this entire forma- 
tion was deposited after the mountain ranges had nearly reached their 
present height. The strata seldom dip at an angle of over 6° and rest 
unconformably on the older beds when they are seen in apposition. 
Kear the junction of the metamorphic rocks with these modem pud- 
ding-stones the i)ebbles or bowlders are not much worn, and of mode- 
rate size, six to twelve inches in dia^meter, but the sediments grow finer 
and finer as we recede from the foot of the mountains until the pudding- 
stones pass into a fine grained whitish sandstone. We can see, therefore, 
that these deposits formed the proper rim of the fresh- water lake, that 
the sediments were derived from the erosion of the feldspathic granites, 
and that the forces that were in operation acted from the direction of 
the mountain ranges. 

There are also vast quantities of drift material which I regard as local. 
It seems to me that the evidence is clear that all this modem drift-action 
had its origin in the mountaia ranges in the immediate vicinity ; that in 
earlier times the snow and ice gathered on the summits in vastly greater 
quantities, and that in melting, from year to year, in the form of water 
and ice, they brought along vast quantities of rocks from the mountains 
and distributed them over the surface. 

The waters, with the masses of ice, would naturally follow the chan- 
nels of the streams if they had been marked out, or they would mark out 
new channels, for nearly or quite all the valleys that extend down from 
the mountains become shallower, the further they extend eastward from 
the flanks of the range. This superficial deposit at the very margins of 
the mountains is composed of very coarse materials, sometimes lisMsvjKftsSi^ 
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masses of granite of all kinds, but slightly worn 5 but proceeding from 
the base of the mountains, the rocks become smaller and more rounded, 
until they pass into small pebbles, mingled with loose sand. 

The phenomena of erosion, as seen at the present time, all along the 
flanks of the mountains, in the plains, in^the channels of streams, point 
clearly to a vastly greater quantity and force of water than exist any- 
where at the present time. 

The surface of the country along the base of the mountains is ex- 
tremely undulating — worn into hill, valley, ridge, or rounded buttes. 
The strata in these ridges and hills show that the entire suiface was 
much higher than it is at present, and that these ridges and buttes are 
only remnants of beds left after the erosion, and how great a thickness of 
strata was originally deposited above these remnants, and is now en- 
tirely swept away, it is impossible to determine, though we believe it 
was very great. 

Now, on these hills are the greatest numbers of large, rounded stones, 
of all kinds, granite and sedimentary, as if they had been left there by 
the melting masses of ice which had lodged on the hills. These stones 
are also accumulated in long lines or belts, as if they had been driven by 
currents so as to form shore lines, or lodged-in eddies. The evidence is 
clear that great bodies of water, in which were probably mingled masses 
of ice, swept over the i)lain country within a comiiaratively recent 
geological i)enod. 

Opposite Camp Carling, in the bluffs of Crow Creek, a good thickness 
of drift is seen tilling uj) the irregular surface of the modern tertiary 
oeds, so that we have evidence of quite extensive erosion of the surface 
prior to the deposition of this drift. 

Along all the main water-courses are high ridges showing the rocky 
strata perfectly. A little lower is a second ridge, mostly grassed over, 
but more or less parallel with the higher ridge ; then we have a gradu- 
ated series of terraces, from one to tlSree, extending down to the water's 
edge. This description applies to all the main water-courses along the 
base of the mountains, whether there is running water in them at this 
time or not; and they all seem to give evidence that they once contained 
far more water than at present. This configuration of the surface aids 
uuich in giving a sort of picturesque appearance to the plains, inasmuch 
as we cross these undulations at right angles in ti-aveling north to 
south. 

The soil in the valleys of the streams is rich enough, and when it can 
be inigated, will produce good crops ; and not until the farmers and 
stock-growers begin to settle about Cheyenne will it have a permanent 
and substantial growth. 

J^ine 30. The distance from Cheyenne to Laporte, on the Cache la 
Poudre, is forty miles. The tertiary pudding-stone beds extend along 
the immediate flanks of the moimtains for twenty-five miles, but disap- 
pear from the plains within ten or fifteen miles of Laporte. 

I have estimated their entire thickness here at from twelve hundred 
to fifteen hundred feet. The high hills near the station are capped with 
coarse sandstone, with horizontal strata, and are eight hundred feet 
above the bed of the creek that flows near thc^ir base. From beneath 
these recent beds arise the more sombre-hued beds of the lignite tertiary. 
'We have then broad grassy plains, dotted here and there with buttes 
like truncated cones, and long narrow belts of table-lands, with i)erfectly 
j)lain surfaces, to the eye, from a distance. Why these more modern 
tertiary beds are so persistent along the immediate sides of the moun- 
tnin^ but have been entirely swept away ten miles to the eastward, I can- 
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not tell. This narrow belt, about ten or fifteen miles wide, extending up 
to the granite rocks, and for the most part concealing all the intermedi- 
ate rocks, forms a sort of bench, with a gently ascending grade for the 
Union Pacific railroad. 

Either above or betew this bench the ascent to the mountains would 
have been very difficidt, expensive, and perhaps impossible. 

About twenty miles south of Cheyenne a bed of coal has been opened 
and wrought to some extent. The outcropping revealed a bed of im- 
pure coal four feet eight inches thick, with an inclination 12° east. 
The coal became more valuable as it was worked further into the earth ; 
and by. following the direction of the dip, the coal was found to be five 
feet four inches thick. Iji nearly all instances coal beds increase in 
thickness, rather than diminish, the further they are explored. The 
whole plain country is covered with such a thickness of superficial drift 
that it is next to impossible to obtain a connected section of the under- 
lying rocks. Sometimes a stream will cut so deep that a portion of 
them is exposed, and by following it a great distance, the order of super- 
position may be obtained with some degree of correctness. 

A section across the upturned edges of the strata, from the direction 
of the mountains eastward, is as follows : 

7. Drab clay passing up into areno-calcareous grits composed of an 
aggregation of oyster-sheUs, Ostrea atthtrigonalis. 

6. Lignite— 5 to 6 feet. 

5. Drab clay — 4 to 6 feet. 

4. Reddish, rusty sandstone, in thin laminae — ^20 feet. 

3. Drab arenaceous clay, indurated — ^25 feet. 

2. Massive sandstone — 50 feet. 

1. ]S"o. 5, cretaceous apparently passing up into a yellowish sandstone. 

The summits of the hills near this bed of coal are covered with loose 
oyster shells, and a stratum four feet thick, or more, is composed of an 
aggregation of them. This species seems to be identical with the one 
found in a similar geological position in the lower lignite beds of. the 
Upper Missouri, near Fort Clark ; also at the mouth of the Judith, and 
at South Boulder, and doubtless was an inhabitant of the brackish 
waters which must have existed about the dawn of the tertiary period 
in the west. It would seem, that in these lower coal beds the molluscous 
life was almost entirely confined to this genus, (from three to five species 
having already been discovered.) Near Medicine Bow Creek there is a 
thin seam of oyster shells, quite minute, and at Point of Rocks, on the 
Union Pacific railroad, above several beds of coal, there is a layer two 
feet or more in thickness, made up of the shells of a fine large species, 
about the size of our common edible oyster. 

On the Upper Missouri a great variety of well-known fresh-water 
types of shells are found in the strata connected with the coal, especially 
toward the middle portion. But southward I have never met with any 
other sheila than oysters, in direct connection with the coal beds. 

During the summer of 1859 I traced this lignite formation uninter- 
uptedly from the Upper Missouri Valley to a point on the JS^orth Platte, 
about eighty miles northwest of Fort Laramie. It is there overlapped 
by the modern tertiary deposits previously described, but reappeiU's 
about twenty miles south of Cheyenne, and extends with some inter- 
rui)tions far southward into New Mexico. During the summer of 18C8 
I traced these coal beds, on the other side of the mountains, westward 
nearly to Salt Lake City ; and in the Middle and South Parks there are 
quite extensive development's of them. 

I make these remarks as confirmatory of a statement \\ hich I made 
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in an article in Silliman's Joamal, March, 1868, ^^ that all the lignite 
tertiary beds of the west are bat fragments of one great basin ii^^rrupted 
here and there by the upheaval of mountain chains* or conoealed by 1^ 
deposition of newer formations." 

As soon as the lignite beds reappear southward the aspect of the 
country changes. The distant hUls that flank the mountains on the 
right are still the pebbly conglomerate beds. And in the valleys of the 
little streams, about four miles south of Spotswood Springs, are several 
exposures of beds which are undoubtedly older tertiary. There is here 
shown a deep yellow arenaceous indurated clay layer, passing down into 
an ashen-brown grit, with rusty yellow concretions. All over the hills 
are scattered the greatest number of water- worn boulders. The lignite 
strata incline in the same direction as those of the more modem deposits. 
The dip of the former is about Ave degrees to ten dj^grees, the latter one 
degree to three degrees east, from the mountains. There are many 
other localities where the evid^iee of non-conformity of the two depo&ats 
is perfectly clear. ' 

A little further eastward on the Dry Greek the ridge is capped with 
gray, loosely laminated sandstone; while in the indurated arenaceous 
bed below are beds of massive rusty sandstone, the same as those that 
compose the natural fortifications about thirteen miles southwest of 
Cheyenne. The ridge extends far eastward into the plain, with tie beds 
nearly horizontal. 

Near a high conical butte a little further southward we find the lig- 
nite beds dipping 85° with a strike nearly north and south. And in the 
south and southwest we can see the upturned ridges of cretaceous and 
older sedimentary formations composing the flanks of the mountains. 
The modern tertiary and the superficial drift deposits have been so re- 
moved from the mountain side — about ten or fifteen miles north of 
Cache la Poudre— that all the unchanged sedimentary rocks in this 
region are revealed in the form of inclined ridges, which gradually die 
out iM the plains eastward like sea waves. 

A bed of the laminated chalky marl of No. 3 with Ostrea e&ngesta and 
Inoceramm problematicua is particularly noticeable. In the lignite beds 
harder layers of rusty sandstone, with loosely laminated arenaceous 
clay, and the softer materials are worn away by erosion, leaving the 
harder rocky layers projecting above the surface in long lines like walls. 

Near Park station, about twelve miles north of Cache la Poudre, the 
upheaved ridges begin to spread out, revealing very clearly to the 
scrutiny of the geologist all the sedimentary rocks, to the tertiary in- 
clusive. . Commencing in the plains about ten miles east of the margin 
of the mountains we find a series of gently inclined tertiary sandstones, 
dipping from 5^ to 10°. Then come the complete series of cretaceous 
strata in their order, inclining from 20^ to 35^. Underneath the ridge 
capped with the sandstone No. 1 is a thin belt of ashen-gray marls and 
arenaceous marls, with one or two layers, two to four feet thick, of hard 
blue limestone, which I regard as of Jurassic age. These pass down 
into light reddish, loose arenaceous sediments. Further toward the 
mountains, come one to three ridges of brick-red sandstone, and loose 
red sandy layers, sometimes variegated. Close to the margin of the 
mountains, sometimes forming the inside ridge, is a bed of whitish lime- 
stone, underlaid by dull purplish sandstone and pudding-stones, which 
are probably of carboniferous age. These beds dip at various angles, 
from 30O to 60O, and, as far as 1 can determine, conform generally to 
I lie inclination of the metamorphic rocks which compose the mountain 
nucleus. 



GEOLOGICAL SUSVEY OP THE TERRITOBIBS. 119 

Tbe opening in the foot-hills of the mountains through which Box; 
Elder Creek flows exhibits the red beds and Jurassic in full development. 
The whitish-^ray sandstones, which lie between the red beds and the 
well-marked cretaceous strata, contribute much toward giving sharp- 
nf'iss of outline to the hiUs, and the broken masses of rock from this bed 
sope scattered over their sides. 

The valley of the Box Elder is very beautiful, and, like the valleys of 
most of the little streams here, makes its way through the ridges and 
flanks of the mountains, nearly at right angles to the trend of the strata^ 

All these ridges, or " hog-backs," as they are called by the settlers of 
tiie GOHUtry, vary much in the angle of dip. It not unfrequcDtly occurs 
that the outer and more recent ridges incline at a very high angle, or 
stand nearly vertical; and there are. many examples where they have 
been tipped several degrees past verticality ; while the inner sandstone 
ridges, lying almost against the metamorphic rocks, incline at a small 
angle or are nearly horizontal ; and again this may be reversed. These 
mountain valleys are not only beautiful, but they are covered with ex- 
cellent grass, making the finest pasture grounds for stock in the world. 
The animals are so sheltered by the lofty rock- walls on each side that 
they remain all winter in good condition without any farther provision 
for them. 

The Box Elder separates into two branches in the foot-hills, and be- 
tween the forks there is a large circular cone with nearly horizontal 
strata of the red beds. A section, ascending, would be as follows: 

1. Brick-red sandstone with irregular laminae and all the usual signs 
of currents or shallow water. Some of the layers are more loosely lami- 
nated than others, thus causing projecting portions — 300 to 400 feet. 

2. The red sandstone passes up into a yellow or reddish-yellow sand- 
stone, massive — 60 feet. 

3. Passing up into a bed of grayish yellow rather massive sandstone-— 
50 feet. 

4. Ashen-brown nodular or indurated clay, with deep, dull purple 
bands ; with some layers of brown and yellow fine-grained sandstone, 
undoubtedly the usual Jurassic beds with all the lithological characters 
as seen near Lake Como, on the Union Pacific railroad — 150 to 200 feet. 

]S"ear the base of these beds are thin layers of a fine grained grayish 
calcareous sandstone, with a species of Ostrea and fragments of Penta- 
crinus aster isciis. Scattered through this bed are layers or nodules of 
impure limestone. 

5. Above this marly clay there is at least two hundred feet of sand- 
stone and laminated arenaceous material, varying in color from a dirty 
brown to grayish white, with layers of fine grayish- white staudstone. 

I do not hesitate to regard the beds described as 4 and 6 as of Jurassic 
age, and they are better shown here than at any other poijit between 
Fort Laramie and the south line of Colorado on the eastern slope of the 
Rocky Mountains. Usually the most abundant and most characteristic 
fossil in the Jurassic beds, when exposed, is Belenmites demm, but that 
has not been observed south of Lake Como, west of the Laramie range. 
As we proceed southward these Jurassic beds become thinnor and more 
obscure, so that it often becomes a matter of doubt whether they exist 
at all. 

We have, also, in this vicinity an illustration of the difference of in- 
clination in the same series of upheaved ridges. In the plains some of 
the lower lignite tertiary beds and cretaceous No. 5 stand nearly ver- 
tical, or 850 east. No. 4 fills the intervening valley with its dark shale, 
and the next ridge west — cretaceous No. 3— inclines 36o. Then come 
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tlie Jurassic beds capped with the sandstones of "So, 1^ inclining 8o. 
Then comes a series of red beds dipping 1° to 3^. The inner ridge, or 
*' hog-back,'' is the largest of all — one hundred and fifty to two hundred 
feet high — is partly covered on the east, or sloping side, with the loose 
red sand of the triassic j and on the west or abrupt side, is revealed a 
considerable thickness of limestone, which I suppose to be of carbonif- 
erous age. This ridge is remarkably furrowed on the eastern slope by 
streams, but is too high up on the mountain side to be divided by the 
currents into the peculiar conical iragments, as the lower ridges are. 
And hence it presents an almost unbroken flank for miles. There is 
no better exhibition of the sedimentary rocks, with all their peculiar 
characteristics and irregularities, than from the head of Box Elder Creek 
to Cache k la Poudre, where the belt of upheaved sedimentary rocks 
varies from five to fiiteen miles in width. No one could stand on the 
summit of one of these ridges and turn his eye westward over the 
series, rising like steps to the mountain summit, and then looking 
eastward across the broad level plain where the smaller ridges die out 
in the prairies, like waves of the sea, without arriving at once to a clear 
conception of the plan of the elevation of the Kocky Mountain range. 

The main range of the mountains is really a gigantic anticlinal, and 
all the lower ranges and ridges are only monoclinals, descending, step- 
like, to the plains on each side of the central axis. There are some vari- 
ations irom this rule at many localities, which 1 shall aj;tempt to explain 
from time to time in the proper place. 

One of these ridges is quite conspicuous to the eye, from the fact 
that it is capped with a heavy bed of sandstone which I have always re- 
garded as transition or No. 1 (?) because it holds a position between 
the well-defined cretaceous beds Nos. 2 and 3, and the Jurassic. 

Not a single well-marked fossil, animal or vegetable, has ever been 
found in this group of strata along the flanks of the mountains^ yet I 
do not hesitate to regard them as lower cretaceous. 

On the summits of all these ridges are numerous piles of rocks which 
have been erected by Indians in years past as monuments or land-marks. 

Inside of the sedimentary ridges are the metamorphic rocks, mostly 
red feldspathic granites, disintegrating readily, and easily detected by 
the eye at a distance by their style of weathering. Still further west- 
ward are the lofty snow-capped ranges, whose eternal snows form the 
sources of the permanent streams of the country. 

It seems clear to me that the more recent sedimentary formations, up 
to the lignite tertiary, inclusive, once extended over the whole country. 
Perhaps no finer locality exists in the West for the careful study of the 
different sedimentary formations and their relations to the metamorphic 
rocks than along the overland stage road from Laramie to Denver. 

Before reaching Laporte the road passes for twenty miles or more 
through ridge after ridge remarkably well exposed. After emerging 
from the mountains eastward it runs south for four or five miles along 
the cretaceous beds with their upturned edges on the east side, and the 
Jurassic and triassic (!) on the west forming a slope much like the roof 
of a house. The valley between the two ridges through which the road 
runs is a beautiful one. 

South of Big Thompson Creet the belt of upheaved ridges, or un- 
changed rocks, becomes quite narrow, and continues so to Denver, and 
even beyond. 

The cretaceous rocks in this region, though plain to one who has 
carefully studied them on the Upper Missouri, are not separated into 
well-marked divisions. If they had first been studied along the foot of the 



GEOLOGICAL SURVEY OF THE TERRITORIES. 121 

mountains only from Cheyenne southward, it is very doubtful whether 
the Ave distinct groups of strata would have been made out. The three 
divisions, upper, middle, and lower cretaceous, are more natural south 
of the Koiiii Platte, inasmuch as Nos. 2, 3, 4, and 5 pass iuto each other 
by imperceptible gradations. Though very few organic remains are ob- 
served in them, yet I have never found the slightest difficulty in detect- 
ing the different divisions at a glance by their lithological characters, 
but I find it quite impossible to draw any line of separation that will be 
X>ermanent. Quite marked changes occur in the sediments of these 
divisions in different part-s of the West, but by following them continu- 
ously, in every direction, from their typical appearance on the Upper 
Misscuii, the changes are so gradual that I have never lost sight of 
them for a mile, unless concealed by more recent deposits. 

As I have before stated,. I regard the group of sandstones which are 
always found between well-defiued cretaceous No. 2 and the Jurassic 
beds asKo. 1, or transition. No. 2 is certainly well shown, with many of 
its features, but it is a black shale, often arenaceous, containing many lay- 
ers of sandstone with some concretions; but so gradually passing up into 
No. 3 that it is quite impossible to separate the two. Only in thin portions 
of either Nos. 2 or 3 do we find any resemblance to the same groups as 
shown on the Upper Missouri. No. 3 is a thinly-laminated yellow 
chalky shale with some layers of gray, rather chalky limestone, always 
containing an abundance of InoceramuSy doubtless L problematictis, and 
Ostrea congesta. Eemains of fishes are almost always found in the dark 
shales of No. 2. The black shales of No. 4 are quite conspicuous and 
well marked, and have been quite thoroughly prospected for coal, but 
to no purpose. These black shales pass gradually up into yellow rusty 
arenaceous clays which characterize No. 5 ; and No. 5 passes up into the 
lignite tertiary beds, where they can be seen in contact, without any 
well-defined line of separation that I could ever discover. But few 
species of fossils are found in Nos. 4 and 6 in their southern extension, 
but Baculites ovatus and several species of Inoceramus Ammonites, &c., 
are common. Another feature is well marked here, and that is, there 
are no beds that indicate long periods of quiet deposition of the sedi- 
ments. Nearly all the sediments indicate either comparatively shallow 
water or currents more or less rapid. 

Sometimes a single ridge will include all the beds of one formation, 
or even those of two or three. I have often seen the sandstones of No. 1. 
the Jurassic, and a portion of the triassic included in one ridge and the 
adjoining valley. Again, a single formation will be split up into two or 
more ridges. 

On the Cache k la Poi^dre, about a mile above Laporte, on the south 
side of the river, the sandstones of No. 1 are separated into four success- 
ive ridges, inclining, respectively, 18°, 21o, 35^, an^ 46^ about southeast. 
Much of this sandstone is a fine-grained grayish white, and rusty yellow 
color, sometimes concretionary, or like indurated mud. Here all the divi- 
sions of the cretaceous extend eastward in low ridges until they die out 
in the plains or are concealed by the overlying tertiary. Alongthe Cache i\ 
la Poudre and its branches is a series of terraces which are quite uniform. 

This valley is one of the most fertile in Colorado. The present year 
there has been so much rain that irrigation has been unnecessary. The 
bottom lands are about two miles wide, and thickly settled from mouth 
to source. The grass is unusually fine this year everywhere. 

July 2. — In company with Dr. Smith, of Laporte, 1 visited the sup- 
posed gold and cOpper mines at or near the sources of the Cache ^ la 
Poudre Eiver. This stream makes its way through what might be called 



122 GEOLOGICAL SURVEY OF THE TEEKITOEIES. 

a mouoclinal rift^ or between two ridges, whether of changed or nnchanged 
rocks which incline in the same direction. We ascend to the axis 
of the main Bocky Mountain range by a series of step-like ridges, eaeh one 
inclining in the san^ general direction at some angle, with their connter- 
parts on the opposite side of .the main axis. Speaking of these ridges 
locally. I have called them in this report monoclinal, from the fiiet^ ^at 
as a rule their counterparts, although they have once existed on the west 
side of the range, are in most cases swept away. We passed up a beau- 
tiful valley wi& the red beds on our left^ and a few remnants of the red 
beds and the metamorphic rocks on our nght, for about fifteen miles. We 
then came to the red feldspathic granites, in which the mineral lodes are 
located. We first examined a local vein of black rock, in which horn- 
blende predominates. It contains some mica and iron, so that it might 
be called a local outcrop of black hornblende syenite. Masses of it 
have a rusty look from the decomposition of the iron in the rock, and 
sometimes it is covered with an incrustation of common salt or potash. 
Iron in some form is one of the prominent constituents of all the rocks 
of this region, changed or unchanged. So far as I could determine, the 
inclination of the metamorphic rocks is in the same direction as the sed- 
imentary. I have assumed the position that all the rocks of the West 
are, or were, stratified, and that where no lines of stratification can be 
seen, as in some of the massive granites, they have been obliterated by 
heat during their metamorphism. Therefore all the metamorphic rocks, 
whether stratified or massive, that form the nucleus of the Eocky Moun- 
tains, must have some angle of dip, equally with the sedimentary rocks. 
In many cases I have to be guided by the intercalated beds of mica or 
talcose slates. I am of the opinion that there are anticlinals and syn- 
clinals among the metamorphic rocks of this region, and that the mount- 
ain valleys are thus formed for the most part. 

We examined a number of lodes which were moderately rich in copper. 
All the lodes have a trend about northeast and southwest, and are two 
to four feet wide, with well-defined walls. Much of the gangue rock is 
spongy like slag, owing to the decomposition of iron pyrites ; and there 
are large masses of the casts of cubes, evidently cubes of iron pyrites. 
Our examinations were not vory thorough, but I was not favorably im- 
pressed with this district as a rich mineral region. Some of the copper 
mines, at some future day, may yield a fair return, but it wiU be many 
years before the country will be built up by its mineral wealth. 

tJuly 3. — Our route to-day was along the flanks of the mountains, from 
Cache a la Poudre to Big Thompson Creek. Lying over the red beds 
and appearing to form a dividing line between the red beds and the 
ashen-grajr marly clays above, is a well-defined bed of bluish semi-crys- 
talline limestone, two to four feet thick, somewhat cherty, though sus- 
ceptible of a high polish, too brittle and liable to fracture in any 
direction to be valuable for ornamental purposes — ^probably useful for 
lime only. I regard this as of Jurassic age, although I was unable to 
find in it any well-marked organic remains. The same bed occurs in the 
Laramie plains, where it contains many fragments of crinoidal stems, 
which Professor Agassiz referred to the well-known Jurassic genus 
A'piocrinites. 

On the summit of the first main " hog back" is a bed of massive 
sandstone, immense blocks of which have fallen down on the inner side 
of the ridge, adding much to the wildness as well as ruggedness of the 
scenery. These rocks are made up almost entirely of an aggregation of " 
small water- worn pebbles. The layers of deposition are very irregular, 
inclining at various angles. This irregularity in the laminae is a nmrked 



GEOLOGICAL SURVEY OF THE TERRITORIES. 123 

feature of this sandstone. It forms a portion of the group which I have 
ealled transition, or No. 1. They are certainly beds of passage from 
well-marked cretaceous to the Jurassic, and the lower portion being 
Mmost mvariably a pudding-stone, they may well mark the boundary 
between the two great periods. In many places along our route this 
group forms lofty perpendicular escarpments, varying from thirty to sixty 
f&et in height, indicating a considerable thickness of the massive sand- 
stone. For ft^^n miles we can pass along behind this hog-back ridge par- 
alM with the mountains, through a most beautiftil valley with fine grass, 
and ov^ an excellent natural road. On our left are the upturned 
edges of a ridge capped with No. 1, passing down into the limestone and 
ashen marly clays of the Jurassic, with a few feet of the red sandstone 
at the base, while the valley, which may be three hundred to Ave hun- 
dred yards wide, is composed of the worn edges of the loose red beds of 
the triassic, and on our right are the variegated sands and sandstones oi' 
the formation. 

South of Cache ^ la Poudre there seem to be but two principal ridges 
between the transition group No. 1 and the metamorphic rocks, 
although at times each one of these ridges will split up into a number or 
subordinate ridges which soon merge into the main ridge again. In 
most cases the inner ridge includes all the red beds proper, and there is 
a well-defined valley between it and the metamorphic rocks, but some- 
times the sedimentary beds flank the immediate sides of the metamor- 
phic ridge. Through these ridges are openings made by the little streams 
which issue from the mountain's side. Sometimes these oi)enings are cut 
deep through to the water level, and at other times for only a few feet from 
the summit. Sometimes there is a stream of water flowing through 
them, but most of them are dry during the summer. These notches in 
the ridges occur every few hundred yards all along the foot of the 
mountains. 

The cretaceous and tertiary beds generally form several low ridges 
which are not conspicuous. The principal ridge outside, next to the 
plains, is composed of the limestones of No. 3, which is smoothly 
rounded and covered with fragments or chips of limestone. Between 
this and the next ridge west, there is a beautiful concave valley about 
one-fourth of a mile wide. The line between the upper part and the foot 
of the ridge proper is most perfectly marked out by the grass. The east 
slope of this ridge is like the roof of a house, so steep that but little soil 
can attach to it, and in consequence of this it can sustain only thin grass 
and stinted shrubs. These ridges are sharp or rounded, depending upon 
the character of the rocks of which they are composed. Cretaceous 
formation, No. 3, yields so readily to atmospheric agencies, that the ridges 
composed of it are usually low and rounded, and paved with chipped fi^g- 
ments of the shell limestone. The harder sandstones give a sharpness of 
outline to the ridges which has earned for them the appellation of "hog- 
backs,'' by the inhabitants of the country. In No. 3 I found Ostrea con- 
gesta very abundant, and a species of Inoceramus identical with the one 
occurring in the limestone at South Boulder, and the same as the one 
figured by Hall in Fremont's Eeport, Plate IV, Fig. 2, and compared 
with Inoceramtis involutus, (Sowerby,) page 310. The lower part of No. 

3, containing the Inocerarmis^ is a gray marly limestone, which passes up 
into a yellow chalky shale, which weathers into a rusty yeUow marl that 
gives wonderful fertility to the soil, while the dark shales of Nos. 2 and 

4, as well as the rusty arenaceous clays of No. 5, are distinctly revealed 
at different localities. The light-colored chalky limestones of No. 3 are 
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more conspicuous at all times along the foot-bills of the mountains, even 
to Kew Mexico, than any other portion of the cretaceous ffroup. 

The valley of Thompson Creek is very fertile, varying from half a 
mile to a mile in width, is filled up with settlers^ and most of the land 
is under a high state of cultivation. The. creek itself is one of the pure 
swift-flowing mountain streams which have their source in' the very 
divide or summit of the water-shed, and are rendered permanent by the 
melting of the snows. All these mountain streams would furnish abund- 
ant water-power, most of them having a fall of thirty teet to the mile. 

There seems to be a decided improvement in the soil as we go south- 
ward. The geological formations are the same, but the climate is more 
favorable. 

On a terrace on the north side of Big Thompson Creek there is a bed 
of recent conglomerate, quite perfect, and belonging to the modern drift 
period. It is very coarse, and the worn boulders are held together by 
sesquioxide of iron. I note it here as an example of very recent conglom- 
erate. There is much fine sand, and the rounded stones are exactly 
like those which pave the bottoms of streams. The thickness of this 
boulder deposit is considerable, and it seems to underlie the whole val- 
ley portion of the country. 

The cretaceous beds of No. 3 .pass down into a yellowish sandstone 
which forms a low ridge on the north side of Big Thompson Creek. 
Two or three low ridges of cretaceous appear east of this point, but die 
out in the prairie. This ridge inclines 15°, then comes a valley about 
one-fourth of a mile wide, and a second ridge of rusty reddish fine- 
grained sandstone, evidently No. 1, or the transition group. This ridge 
inclines 25^. Underlying the sandstone, which forms a large part of 
this ridge, we find the ashen-gray marly and arenaceous clays of the 
Jurassic, including some thin beds of sandstone and one layer of lime- 
stone four to six feet thick, which has been much used for lime among 
the farmers. These beds pass down without any perceptible break into 
the light brick-red sandstones which form the next two ridges west- 
ward. These beds have a dip of 30o. About the middle of the red 
beds there is a layer of impure limestone standing nearly vertical 65°, 
two to four feet thick, which has also been used somewhat for lime. 
The next ridge west has a rather thick bed— ten to fifteen feet — of very 
rough impure limestone looking somewhat like very hard calcareous 
tufa. The intermediate beds are loose brick-red sands. 

There is here a somewhat singular dynamic feature — a local anticli- 
nal. One of the ridges flexes around from an east dip to a west dip, from 
the fact that one of the eastern ranges of mountains runs out in the 
prairie near this point, forming at the south end originally a sort of 
semi-quaquaversal, the erosive action having worn away the central 
portions. This forms a short anticlinal of about a mile in length. On 
the east side of the anticlinal valley the principal ridges are shown, inclu- 
ding nearly all the red beds ; and on the west side, only the upper portions 
of the red sandstones with the Jurassic beds and the transition sand- 
stones. The latter rocks form the nearly vertical wall in which is 
located a somewhat noted aperture called the "Bear's Church." In the 
west part of this anticlinal, within twenty feet of the brick-red sand- 
stones, is a blue, brittle limestone layer about six feet thick, inclining 
seventy-eight degrees. This west i)ortion of the anticlinal might be 
described across the upturned edges thus, commencing at the bottom : 

1. Eather Ight brick-red sandstones in three layers — estimated 200 
feet. 
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2. The red bed passes up into a massive reddish-gray rather fine sand* 
stone — ^20 feet. 

3. Then comes a thin layer of fine bluish-brown sandstone— 2 feet; 
then the bluish limestone— 4 feet. 

4. Then about twenty-five feet of ashen clay, with six to ten feet of 
blue cherty limestone, with some partings of clay.. 

6. About two hundred feet of variegated clays. 

6. A bed of quite pure limestone, blue, semi-crystalline — ^four to 
eight feet. The grass prevents definite measurements, and all the beds 
vary in thickness in different places, as well as in dip, which is from 60^ 
to 80O. 

7. This intermediate space is covered over with a loose drab yellow 
sand, doubtless derived from the erosion of the edges of the beds beneath, 
which are supposed to be Jurassic. There is one bed of limestone about 
two feet thick, similar to that before described. All these limestones 
appear to contain obscure fragments of organic remains. 

8. A nearly vertical wall of sandstone ; dip 60° to 65o. This bed is 
formed of massive layers, in all, one hundred and fifty feet thick or 
more, and is composed largely of an aggregate of small water-worn 
pebbles of all kinds. Most of the pebbles are of metamorphic origin, but 
some of them appear to have been derived from unchanged rocks. 
There are also layers of fine-grained sandstone. The prevailing color is 
a rusty yeUow and light gray. Most of the sandstones in this country 
are of a rusty yellow color ; ;N"o. 1, cretaceous. 

9. A broad space, three hundred to four hundred feet, grassed over. 
The slope is complete, but it is undoubtedly made up of the sands and 
sandstones at the base of the cretaceous group. 

10. A fine sandstone passing up into a close compact flinty rock. This 
is a low ridge, appearing only now and then above the grassy surface. 
The slope then continues down to the stream which flows through the 
synclinal valley about a mile wide, and then we come to the grassy slope 
on the mountain side inclining east again. A little below this point the 
creek cuts through the sandstone and black clays of l^o. 2, conforming 
perfectly to the wall of sandstone No. 1. 

It is now well known that the gieat Kocky Mountain system is not 
composed of a single range, but a vast series of ranges, covering a width 
of six hundred to one thousand miles. There are also two kinds of 
ranges, one with a granitoid nucleus, with long lines of jfracture, and in 
the aggregate possessing a specific trend ; the other has a basaltic nucleus, 
and is composed of a series of volcanic cones or outbursts of igneous 
rocks, in many cases forming those saw-like ridges or sierras, as the Sierra 
iN'evada^ Sierra Madre, &c. Along the eastern portion of the Kocky 
Mountains, jfrom the north line to New Mexico, the ranges with a gran- 
itoid nucleus prevail. Each one of the main ranges is sometimes split 
up into a number of fragments, which locally may vary somewhat from 
a definite direction, but the aggregate trend will be about northwest 
and southeast. 

As I have before stated, each one of the main ranges seems to me to 
form a gigantic anticlinal with a principal axis of elevation, and the lower 
parallel ranges descending like steps to the plains, or to the synclinal 
valley. If, for example, we were to study carefully one of the minor 
mountain ranges, as the Black Hills of Dakota, or the Laramie range, 
where the system is very complete and regular, we should find a central 
gi'anitic axis, and on each side a series of granitic ridges parallel with it, 
and in the aggregate trending nearly north and south. And on the east- 
em portion of the anticlinal, the east side of the minor ridges slopes 
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gently down, while the west side is abrupt; and on the western portion 
vice versa. But if we take the ridges singly and examine them, we shall 
find in most cases that the aggregate trend is nearly northwest and south- 
east. The consequence is, that as we pass along under tiie eastern fLanJks 
of the mountain from north to south, these minor ranges or ridges pre- 
sent a sort of ^'en icheUm^ appearance; that is, they run out one filter 
the other in the prairies, preserving the nearly north and seutiii course 
of the entire system. Not unfrequently a group or several of these 
ridges will mn out at the same time, forming a huge notch in the main 
range. This notch in most cases forms a vast depression with a great 
number of side depressions or rifts in the mountains, which give birth to 
a water system of greater or less extent. Such, for example, is the notch 
at Cache d* la Pou£e, Colorado City, Caiion City, on the Arkansas Biver, 
and other localities. If we were to examine the excellent topographical 
maps issued by the War Department, which are beyond comparison the 
most correct and most scientific of our Eocky Mountain region in exist- 
ence, we should at once note the tendency of all the minor ranges, with 
a continued line of fracture and a granitic nucleus, to a southeast and 
northwest trend ) sometimes it is nearly north and south, and then these 
ranges pass out or come to an end without producing any marked in- 
finence on the topography, except, perhaps, some little stream will flow 
down into the plain through the monocllnal rift. But when several of 
these minor ranges come to an end together, an abrupt jog of several 
miles toward the west is caused. Then frequently as the range dies out, 
a local anticlinal or a semi-quaquaversal dip is given to the sedimentary 
beds. Between the notches or breaks in the mountains, the belt of 
ridges or -^ hog-backs'^ becomes very narrow, sometimes even hardly 
visible, and sometimes entirely concealed by superficial deposits. But 
at these breaks the series of ridges split up and spread out so as to cover 
an area from half a mile to ten or fifteen miles in width. It is in these 
localities that the complete geological structure of the country can be 
studied in detail. I do not know of any portion of the West where there 
is so much variety displayed in the geology as within a space of ten 
miles square around Colorado City. Nearly all the elements of geological 
study revealed in the Rocky Mountains are shown on a unique scale in 
this locality. The same may be said, though in a less degree, of the 
valley of the Arkansas as it emerges from the mountains near Canon 
City. I am inclined to believe that it is only in these localities that 
rocks older than the triassic or red beds are shown along the eastern 
flanks of the mountains south of Cheyenne. I have looked in vain for 
a single exposure of well-defined paleozoic strata from Big Thomps(m to 
Colorado City, a distance of over one hundred miles. I am now con- 
vinced that in the north, the paleozoic rocks are often concealed for long 
distances, although I have usually represented them by colors on a geolo- 
gical map by a continuous band along the mountains. That they exist 
continuously along the eastern margins in Colorado and New Mexico I 
cannot doubt, but only at these specially favored localities do they 
appear from beneath the triassic or red beds. • They are, however, far 
more frequently exposed further northward, and I think much more 
largely developed. 

Between Big and Little Thompson Creeks the ridges are very numer- 
ous and bold, and it would seem as if the massive fine-grained sandstones 
predominated, for they cap all the ridges, and the broken masses, often 
of large size, are scattered in great profusion everywhere. In one valley 
the abrupt side, which was composed of red sandstone, presented an 
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tmusnally mafSsive front, and in many places, are weathered into tbe gro- 
tesque forms so well shown southwest of Denver. 

Near the head of Little Thompson the ridges are admirably well shown. 
Two beds of sandstone, belonging to the lower cretaceous group, seem to 
have broken off in the process of elevation, and so tipped ov«r that the 
upper edges are past verticality. The upper cretaceous beds really form 
but one principal ridge, although made up of three or four subordinate 
ones. 'Die sediments of these beds are so soft and yielding that they 
have been easily worn down smoothly or rounded off and grassed over 
for the most part. But by looking across it, it is not difficult to detect 
the black shales of No. 4, the yellow laminated chalky marl of Ko. 3 pass- 
ing into the alternate layers of light-gray limestone and black plastic clays 
of No. 2. As the little streams cut through these ridges at right angles, 
they reveal not only the different beds, but also the dip very distinctly. 

The Little Thompson begins to show evidences of enormous drift 
agencies in the thick deposit of gravel, the high table lands on each side 
of the creek, with here and there a butte with the top planed off, and 
over the surface is strewn a vast quantity of loose material which has 
been washed down from the mountains. Each one of the little streams 
has worn its way through the ridges of upheavaJ, usually making enor- 
mous gorges, but sometimes producing wide open valleys. The valley 
of St. Vrain Creek is one of these valleys of erosion, with broad table 
lands or terraces on each side, leaving the divide in the form of a con- 
tinuous smooth bench, extending far down into the prairie, giving to the 
surface of the country a beautiful and almost artificial appearance. 

The bai^s of the St. Vrain seem to be composed of an upper covering 
of yellow marl, which soon passes down into gravel. The soil appears 
to derive its fertility from the eroded calcareous sediments of No. 3, but 
it rests upon a great thickness of a recent conglomerate, cemented, in 
part at least, with oxide of iron. The greatest width of this valley is 
over ten miles, gradually sloping down to the bed of the creek from the 
north. The abrupt side is on the south, where a bank fiffcy feet high is 
cut by the channel of the stream. This bank increases in height toward 
the mountains, but becomes lower further down the stream eastward. 
Above this bank, southward, is a broad level plain about two miles in 
width, and then a gentle rise leads to another broad table plain which 
forms a bench or divide. 

Qn the north side of St. Vrain Creek, near the foot of the mountains, 
there is a long ridge of rather rusty yellow and gray sandstone, with a 
trend about north 6o east, or nearly north and south. There are also 
two other ridges, with a dip varying between 45° and 55^ east. The first 
ridge is about one hundred feet across the upturned edges, and there is 
then westward a grassy interval of three hundred feet, and then another 
ridge of about the same thickness, the harder layers projecting above 
the grassy plain from two to thirty feet. It presents the appearance, in 
the distance, of a high, rugged, irregular waJl, or broken-down fortifica- 
tion, and is about three-fourths of a mile in length. These are the lower 
sandstones of the lignite tertiary projecting above the grassy plain. 

Near the foot-hills of the mountains, about four mfies south of St. 
Vrain's Creek, are some high cretaceous benches, extending down frx)m 
the base of the mountains. They usually do not extend more than one 
or two miles in length before they break off, sometimes abruptly and 
sometimes gradually. Not unft^quently a sort of truncated cone-shaped 
butte is cut off from the end of some of the benches. On the summit is a 
considerable thickness of a recent conglomerate which has been 
cemented so as to form a tolerably firm rock. In this drift some frag* 
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ments of the red sandstone are found, but the rocks are mostly granitic 
Sometimes there is a valley scooped out between these benches and the 
foot of the mountains ; and again, they ascend gently up to the base 
and lap on to the flanks. Sometimes in the interval between these 
benches there is a low, intermediate level or terrace about fifty feet 
above the valley. The higher benches are about two hundred feet above 
the bottom. * It is to this peculiar configuration of the surface into bencli 
and terrace, that the wonderful beauty of this region is due. In tb 
\ distance southward can be seen a continuation of the ridges of tertiary 
sandstone as they project above the surface far in the plains, five to 
eight miles from the base of the mountains. There are some of these 
sandstone ridges from one hundred to three hundred yards apart 5 the 
intervals level and completely grassed over^ so that the laminated clays 
or coal beds are entirely concealed from \aew. These ridges continue 
to appear above the surface now and then, nearly to Denver. Where 
they pass across the valleys of streams, or even dry branches, openings 
are made of greater or less depth and width, which give the irregulai 
outlines to the sandstone ridges. 

Between St. Vrain Creek and Left-hand Creek there is a broad plateau, 
about ten miles wide, which is as level to the eye as a table top. It is 
covered over with partially worn boulders. Near the base of the foot- 
hills, behind this plateau, there is a most beautiful valley scooped out, 
about two miles wide, which must have been the result of erosion in past 
times, for there is very little water in it at present. 

Further southward those long narrow benches extend down into the 
prairie from the foot-hills. As we come from the north to the south 
side of the plateau, we can look across the valley of Left-hand Creek 
to near Boulder Valley, at least ten miles, dotted over with farm-houses, 
fenced fields, and irrigating ditches, ui^on one of the most pleasant 
views in the agricultural districts of Colorado. These plateaus and 
benches are underlaid by cretaceous clays, only here and there passing 
up into the yellow sandstones of No. 5, with Inoceramus and Baculites, 
The plateau On the north side of Left-hand Creek comes to the stream 
very abruptly and seems to have presented a side front to the later 
forces w^hich transported the boulder drift from the mountains, the sides 
being covered thickly with worn rocks of all sizes. This district is 
very aptly called Boulder County, but the culmination of this boulder 
drift is to be seen in the valley of Boulder Creek. 

From Left-hand Creek to Golden City the flanks of the mountains 
seem to be formed of the transition sandstones, or cretaceous No. 1, 
with all the older sedimentary roteks lying against the metamorphic 
rocks in such a way as to render them very obscure and the scenery 
quite remarkable. 

Indeed, south of St. Train Creek the change in the appearance of the 
belt formed of the ridges or "hog-backs'' is very marked. 

As I have before stated, I believe that the agencies which produced 
the present configuration of the surface of the country are local and 
came from the direction of the mountains 5 and I have seen no evidence 
that among the later geological events there was any drift agency uni- 
versal in its character as that attributed to the drift action in Canada 
and the Atlantic States. The forces may have acted synchronously 
and all over the continent west of longitude 100^, fipom the Arctic Ocean 
to the Isthmus of Darien, but the mountain ranges were the central 
axes from which the eroding agencies proceeded. The agency which 
produced the erosion and deposited the drift in the valley of a stream 
originated in the mountain range at the source of that stream. I shall 
refer to this subject from time to time, and it is one fraught with tie 
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deepest interest to the student of geology in this country, and one 
around which there is no small degree of obscurity. GDhe effects are 
universal, however, the evidences of erosion and the worn drift mate- 
rials being found on the summits of the highest ranges as well as in the 
lowest valleys, and each district pointing out the source of these eroding 
and transporting agencies in the immediate vicinity. 

Since leaving St. Yrain Creek, the tertiary beds containing the coal 
liave been aproaching nearer the mountains. North of this point the 
belt of cretaceous rocks has been quite wide, varying from two to five 
miles, but in the valley of the Boulder the belt becomes quite narrow, 
and forms a part of the foot-hills themselves, while Nos. 4 and 5 are 
entirely concealed from view. 

In the Boulder Valley the tertiary- coal beds are enormously developed. 
The Belmont or MarshalPs coal and iron mines, on South Boulder Creek, 
are the most valuable and interesting, and reveal the largest development: 
of the tertiary coal-bearing strata west of the Mississippi. 

In the autumn of 1867 I had an opportunity of examining these mines, 
under the intelligent guidance of J. M. Marshall, esq., one of the owners 
of this tract of land, and I wrote out the results of my examinations at 
that time in an article in Silliman's Journal^ March, 1868. In July, 1869, 
I made a second examination of this locahty under the same auspices. 
The following vertical section of the beds was taken, which does not 
differ materially* from the one hitherto published : 

48. Drab clay with iron ore along the top ot the ridge. 

47. Sandstone. 

46. Drab clay and iron ore. 

45. Coal, (No. 11,) no development 

44. Drab clay. 

43. Sandstone, 15 to 20 feet. 

42. Drab clay and iron ore. 

41. Coal, (No. 10,) no development. 

40. Yellowish drab clay, 4 feet. 

^39. Sandstone, 20 feet. 

38. Drab clay full of the finest quality of iron ore, 15 feet. 

37. Thin layer of sandstone. 

36. Coal, (No. 9,) nearly vertical, where it has been worked, 12 feet. 

35. Arenaceous clay, 2 feet. 

34. Drab clay, 3 feet. 

33. Sandstone, 5 feet 5 then a heaA^y seam of iron ore 5 then 3 feet of 
drab clay ; then 5 feet sandstone. 

32. Coal, (No. 8,) 4 feet. 

31. Drab clay. 

30. Sandstone, 25 to 40 feet. 

29. Drab clay, 6 feet. 

28. Coal, (No. 7,) 6 feet. 

27. Drab clay, 5 feet. 

26. 1 - ( Sandstone with a seam of clay, 12 to 18 inches, intercalated, 
M 25 feet. 

^< Drab clay, 4 feet. 
•& Coal, (No. 6,) in two seams, 4 J feet. 
^ I Drab clay, 3 to 4 feet. 

Yellowish, fine-grained sandstone in thin loose layers, with plants, 
■5 to 10 feet. 

21. ) §) ( Drab clay, excellent iron ore. 

20. ^ £ ^ Coal, (No. 5,) 7 feet. J> 15 feet. 

19. ) p ( Drab clay. 

9 H 




130 I GEOLOGICAL SURVEY OF THE TEKKITORIES. 

18. feandstone, dip. 11^. This sandstone has a reddish tinge, and is 
less massive than 14. 
17. Drab clay. ) 
16. Coal, (No. 4.) > 20 feet, obscure 
15. Drab clay. ) 
14. Sandstone, massive, 60 feet. 
13. Drab clay. 
12. Sandstone. 
11. Drab clay. 
10. Coal, (No. 3.) 

9. Drab clay. 

8. Sandstone, 25 feet. 

7. I3rab day. 

6. Coal, (No. 2,) 8 feet. 

5. Drab clay. 

4. Sandstone, about 25 feet. 

3. Drab, lire clay, 4 fe^t. 

2: Coal, (No. 1,) 11 to 14 feet. 

1. Sandstone. 

In bed No. 23 there are three layers of sandstone, which contain a 
great variety of impressions of leaves. Below coal bed No. 6 there is a 
bed of drab clay, seven feet thick, with a coal seam at the outcrop, three 
i'eet thick ; but the coal appears to give out or pass into clay as the bank 
is entered, so that there are ten feet of clay above coal bed No. 6. 

Much 01 the iron ore is full of impressions of leaves in fragments, sterns^ 
grass, &c. The ore is mostly concretionary, but sometimes it is so 
continuous as to give the idea of a permanent bed. There are several 
varieties of the ore of greater or less purity. Above coal bed (5) there 
is a seam of iron, with oyster shells, apparently Ostrea mbtrigonaliSj 
or the same species found so abundantly near Brown and O'Bryan's 
coal mine, about twenty miles southeast of Cheyenne. Nearly a dozen 
openings have been made here for the coal. 

These coal beds are very valuable, andean be more easily wrought 
than any in Colorado. The great thickness of the coal strata has been so 
uplifted, and the surface worn away, that the beds are all eaeily accessible,, 
and one can walk across the upturned edges of from 1,200 to 1^500 feet in 
thickness and then they incline eastward, and die out in the plain. I find it 
somewhat difficult to give a satisfactory reason why they have not been 
swept away or concealed by debris, as they have been in most other locali- 
ties. Leaning against the sides of the mountains between South Boulder 
canon and that of the main Boulder Creek, are immense walls of sandstone, 
possibly paleozoic or the lower beds of the trias, partially metamorphosed 
by heat. These walls rise to the height of 1,500 to 4,000 feet above the 
valley, and thus seem to have protected these formations from the erosive 
action, which, according to the position that I have taken in this report, 
is local, and must have come directly from the mountains. 

A beautiful valley has been scooped out by the South Boulder, leav- 
ing a bench covered with debris between the two Boulder Creeks. 
Kefore reaching these huge sandstone walls, we pass over a portion of 
the cretaceous, and a great thickness of the red beds, inclining at a high 
angle. 

Immediately south of the South Boulder Creek there is a high bench 
that extends up close to the base of the mountains, and is covered with 
drift and boulders, three miles in width, entirely concealing all the un- 
changed rocks. But -in the valley of Coal Creek, seven beds of coal are 
revealed by the scooping out of this valley. These beds all incline at a 
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high angle, about 45^, and are not easily worked. The sandstones pro-, 
ject up above the loose material like irregular walls, and the creek itsell 
forms a narrow passage or gorge through one of these ridges. 

Between the sandstones, and apparently with very little clay either 
above or below, is one bed of coal four to six feet thick, Avhich was 
wrought for a time, and then abandoned. 

It seems to me the coal here will never be worked with profit. Above 
the sandstone there is another bed of coal, and above that, tire-clay; all 
the strata conforming and inclining between 35° and 450. The sand- 
stone ridge on the north side of Coal Creek becomes more nearly verti- 
cal — 6S^. All the beds of coal are so badly crushed together that they 
are rendered somewhat obscure. There are here two or three feet of 
clay between the layers of coal, and above the coal the clay is very irreg- 
ular; sometimes thinning out entirely, so that the sandstone comes 
directly upon it. A large number of the sandstone ridges may be seen 
far out in the plains, east of the mountains, at intervals, all having the 
same general trend, and inclining at various angles. They rise above 
the grassy i)lains in isolated piles, like broken-down walls. These sand- 
stones indicate the existence of coal beneath, but it would be utterly 
impossible to work out the sequence of these beds only at the most 
favorable exposures. In almost all cases the tertiary beds are so worn 
down and covered with superficial deposits that they are detected only 
in the channels of streams, or by the sandstones projecting above the 
grassy surface of the plains. 

Jzily 6. — ^With Mr. Marshall as guide, I attempted to penetrate through 
the sandstone beds to the metamorphic rocks up Bear Caiion, a sort 
of separation in the immense sandstone wall between the two Boulder 
Creeks. So far as I could ascertain in this caiion, the sedimentary beds 
lie fairly against the metamorphic rocks, and the latter incline in precisely 
the same direction, and at about the same angle as the former, a little 
north of east. There is another point that seems to me to be well shown 
ni the range; and that is, that the metamorphic rocks are thrown up in 
<listinct anticlinals, the same as the sedimentary beds. As soon as we 
pass the junction of the unchanged and changed rockswe find the granites 
inclining in the same direction, and a little further up there is a ridge 
inclining in the opposite direction, forming in the interval a valley. 
The angle of dip on the west side of the granitic anticlinal is 44^, a little 
south of west. This anticlinal feature may be local here, but I regard 
it as a common occurrence in the metamorphic rocks of the mountain 
ranges. 

Here tremendous uplifts of the sandstones appear about 4,000 feet 
above the Boulder Valley in the plains below, and their rugged summits 
project far over on the granitic rocks westward, so that along the little 
stream immense masses have fallen down from the broken edges, a half 
a mile above the junction of the two kinds of rocks. I think this illus- 
tration alone ftunishes sufiicient evidence that the sedimentary beds once 
continued uninterruptedly across the area now occupied by the mountain 
ranges, and. that these beds only form a pa^t of what was once a gigantic 
anticlinal, the eastern portion of the unchanged beds remaining', while 
the western portion has been worn away and mingled with the debris 
of the plains. Further up toward the central axis of the mountain we 
pass ridge after ridge of granite, inclining eastward about 36^. 

The process of disintegration of the rocks by exfoliation is here shown 
quite clearly, without regard to stratification. Immense masses of rock 
are weathered into rounded forms by these coatings or layers falling off. 
I have observed that all kinds of rocks, granites, igneous rocks, sand- 
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atones, limestones, &c., have a tendency to weather by this process of 
exfoliation, and the hills and mountain-peaks follow the same rule. It 
would seem that nature abhors sharp angles and comers, and com- 
mences at once to smooth and round them off, so that nearly all x>eaks 
and hills have this rounded appearance when closely examined. The 
huge masses of granite or basalt on the summits of the highest moun- 
tains are now undergoing this process of exibliation. 

The first bed of granite that lies west of the high ridge of sandstone 
inclines 58^, and has much the appearance of sandstone completely met- 
amorphosed. It is of various degrees of fineness, but mostly an aggre- 
gate of coarse crystals of feldspar and quartz. There is also a bed of 
mica schist incliuing with it at an angle of 48o. I have made use of 
these gneissic beds to aid me in forming a clearer idea of the true strat- 
ification or bedding of the granite, which is often obscure. 

The massive beds of sandstone which form the hi^gh walls are evi- 
dently partially metamorphosed by heat. The bottom beds, which lie 
next to the granites, are composed of a rather coarse aggregate of 
crystals of feldspar and quartz, inclosing multitudes of well water- 
worn pebbles of all kinds, from a minute size to several inches in diam- 
eter. There are also fragments of unchanged reddish sandstone, but 
the inclosed pebbles are mostly metamorphic, among which quartz peb- 
bles are conspicuous. 

The inclination of the first ridge is about 33^. A portion of it is so 
fine and compact that it has somewhat the appearance of imperfect jas- 
per. It varies much in texture. A most interesting feature is the sep- 
aration of this inner ridge from the one just east of it. It has evidently 
been broken off from the summit of the next one east of it, and the 
whole mass carried forward westward, yet retaining nearly the same 
angle of inclination. This is shown by the fact that the granite rocks 
are thrust up under and between the ridges, showing most distinctly 
that this is an immense fragment of the second ridge from the inside, 
elevated upon the edges of the granitic rocks and carried two hundrecl 
or three hundred feet to the westward. Yet the ageucy that performed 
this movement acted so quietly that it did not disturb its position in rela- 
tion to the other ridges. 

The second or main ridge from the inside varies in dip from 30° to 
450. It is largely composed of pudding-stone or fine conglomerate, with 
layers of sandstone of various degrees of fineness. The upper beds 
are composed of fine-grained sandstone. The entire ridge must have 
had a thickness of eight hundred to twelve hundred feet. 

The scenery along the flanks of the mountains at this point is won- 
derfully miique, and I have never known a similar example in the 
Eocky Mountain region. The uplift is on an uni)aralleled scale. 

Toward the outside, or, more properly, the upper layers of this ridge 
become close-grained, much of it breaking into cubical blocks and 
forming a great accumulation of debris on the sides of the mountains. 
The outermost layer of this ridge, which has been worn off so as to be 
a low one, inclines 54P. All the beds exhibit less and less the influence 
of heat from the inner to the outer side, and much of the upper part is 
a compact, close-grained quartzose sandstone, divided into layers with 
smooth surfaces, and most excellent for building purposes. 

The next bed is a loose red sand, so soft that the upturned edges 
have been worn down and completely grassed over. The upi)er edges 
of this bed are at least twelve hundred feet below the summit of the 
high sandstone ridge. The dip is 31^. At the foot of the slope of these 
red beds is a grassy valley, and then a very abrupt ascent to the edges 
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of a thick bed of yellowish 8acdv<itoiie. At another locality a few yards 
distant a small stream, in cutting its way through this ridge, revealed 
alternate layers of ash-colored and yellow arenaceous clay, with some 
hard beds of sandstone, inclining 65o. A portion of these beds are 
probably Jurassic. We have here an interval in the harder beds between 
the high sandstone ridge and the sandstones of No. 1, filled up with 
yielding clays and sands, which I estimated at from six hundred to 
seven hundred feet in thickness. Then come the sandstones of Ko. 1, 
and the gray limestones and shales of No. 2, and the chalky marls of 
No. 3, wluch are plainly visible with about the same dip. Although the 
grass covers the surface to such an extent that the upper cretaceous 
beds are not exposed, yet it is safe to suppose that the entire series of 
cretaceous formations, as known along the flanks of the mountains, 
exist here. 

There is ample room, also, for a great thickness of the tertiary beds, 
and the evidence is quite clear that a large portion of the sandstones, 
clays, and doubtless beds of coal, of the tertiary period exist in the 
enormous plateau or table-like bench which extends down the Boulder 
Yalley from the foot of the mountains. 

The amount of loose drift material is enormous, scattered not only 
over the surface, but concealing to a great extent the underlying basis 
rocks. There is, therefore, some reason to believe that the coal may 
yet be found in the valley under South Boulder Creek and between it 
and the foot-hills of the mountains. 

We find, therefore, that we have at this locality a somewhat narrow 
belt of the unchanged rocks, packed close together, and inclining at 
about the same angle, and perfectly conforming with each other, and 
the metamorphic rocks also. In passing up the canon of the little 
stream from the Boulder Valley wo cross the visible edges of creta- 
ceous formations Nos. 3, 2, and 1, the Jurassic red beds, and the paleo- 
zoic sandstones, to the metamorphic rocks. While I believe that the ex- 
tensive series of coal strata all perfectly conform with the older forma- 
tions, yet as we pass eastward from the Boulder Valley the dip becomes 
less and less until it ceases in the plains. 

An important question arises as to the cause of the change in the sedi- 
mentary rocks of this region. That the sandstones forming the huge 
ridges have been partially metamorphosed is clear, though the traces of 
their sedimentary origin are as plain as ever. 

The limestones of cretaceous formation No. 3 are more compact at 
this point than I have ever observed them northward; and the coal, 
along a narrow belt, is far superior to that which is found farther east- 
ward in the plains. I am inclined to believe that the area from which 
first-class coal will be obtained in Colorado is very restricted, and will 
be comprised in a moderately narrow belt along the base of the moun- 
tains south of Boulder Creek and north of Golden City. 

These changes might be attributed, wholly or in part, to the influences 
of igneous action in the vicinity. In the valley of the Boulder, near 
Valmont, there is a prominent dike of very compact basalt, which rises 
up like a wall, but does not seem to have disturbed the tertiary sand- 
stones in the vicinity. Near Golden City, about twenty miles south- 
ward, close to the base of the mountains, are two large mesas, or table- 
lands, covered with a thick layer of basalt, which must have passed up 
from below in the form of a dike, and flowed over the tertiary rocks. 

These are the only instances of eruptive rocks observed by me from 
near the South Pass to the Arkansas, a distance of neaxly four hun- 
dred miles. In the Middle Park, just west of Long's Peak, and in the 
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South Park also, are numerous exainples of tbe outpouring of igneous 
material. That internal heat connected with these igneous outbursts 
may have affected the sedimentary rocks in the Boulder district*, and 
rendered the coal more compact and anthracitic, under pressure, seems 
to me possible, at least. The rocks which appear to have been affected 
by heat are seen only for a few miles south of the Boulder — from five 
to ten miles. South of that no effects whatever have been observed. 

The next finest exhibition of coal in Colorado to Marshall's mine is 
that of the Murphy mine, on Kalston Creek, five miles north of Golden 
City. The coal bed is nearly vertical in position, and varies in thick- 
ness from fourteen to eighteen feet, averaging sixteen feet from side to 
side. There are nine feet of remarkably good fire-clay on each side of 
the coal, and above and below, or on the west and east sides, are the 
usual beds of sandstone. This mine is very near the foot of the moun- 
tains, and the belt of sedimentary rocks, which are all nearly vertical, 
is very narrow here— not more than half a mile in width — and are 
mostly concealed by debris. 

Mr." Murphy thinks that there are eleven beds of coal within the dis- 
tance of one-fourth of a mile, all nearly or quite vertical in position, of 
which the one opened is probably the oldest. The mine is opened on 
the north side of the creek, and may doubtless be followed above water 
line several miles to the northward, toward Coal Creek. 

On the south side of Ralston Creek the same bed has been opened, 
and the indications are that it may be followed the same way south- 
ward toward Golden City. The entire surface is so covered with super- 
ficial deposits, and grassed over, that it is impossible to work out these 
beds in detail, and the artificial excavations afford us the most reliable 
knowledge. A hundred yards or more west of the coal bed there is a 
high ridge running parallel with the mountain range, capped with lower 
cretaceous sandstones No. 1. 

This ridge extends southward, with some interruptions, beyond 
Golden City. 

At Golden City the upheaved sedimentary rocks are so swept away 
that the metamori)hic foot-hills are plainly visible. Ko rocks older than 
the red beds or trias are exposed, and these somewhat obscurely. The 
red and gray sandstones lie close on the sides of the metamorphic rocks, 
inclining 30^ and 54^. In the trias there is a bed of silica or an aggre- 
gation of very fine grains of quartz wliich has attracted some attention, 
and close to it a layer of bastard limestone or calcareous sandstone. All 
the beds dip at a high angle and lie side by side, so that one can walk 
across the upturned edges of them all, from the metamorphic to the 
summit of the tertiary. Outside of the cretaceous beds there is a small 
valley of erosion, and then come the tertiary beds. The strilce of the coal 
strata is very nearly north and south, and, so far as I could ascertain, the 
sequence of the beds from within, outward, is as follows: 

1st. Busty, yellow, soft sandstone. 2d. A bed of fire-clay. 3d. Coal 
about eight feet thick. 4th. Fire-clay. 5th. Eusty, yellow sandstone. 

The clay undeVneath the coal appears to be ten or fifteen feet thick, 
with oua or two unimportant seams of coal. These beds have been so 
elevated that the upi)er edges have passed verticality 5° to lOo. The clay 
is much used for fire-brick and potter's ware. In the bed of sandstone, 
above the coal, we found several impressions of leaves of deciduous 
trees, among them a Platamt^j probably P. Mydeni. From these we 
pass across the edges of a series of beds of sandstone, with intervening 
strata of iron ore. The thickness of all the tertiary beds here must be 
1,200 to 1,500 feet. !Near the outside is a bed of pudding-stone, and 
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outside or above this, the bed of potter'Q clay, which supplies the pot- 
tery at Golden City. About midway in this series of beds an entrance 
has been made exposing a second bed of coal. The surface is so grassed 
-over that it is quite impossible to make out the full series of beds 
clearly, but the softer strata are well shown by the depressions between 
the beds of sandstones. 

The north mesa is two and one-half miles long and about one mile 
wide. The south one is four miles long and about a mile wide. This 
one has an irregular surface and gradually slopes down eastward until 
it becomes a low ridge of tertiary sandstones and clays. The wall of 
basalt that surrounds the top is nearly perpendicular most of the way 
round, from fifty to one hundred and fifty feet in height. The lower por- 
tion of the basaltic bed on the north side of the south mesa is very vesicu- 
lar, full of rounded porous masses somewhat like slag, and re^ts upon the 
filightly irregular siuface of a bed of fine fire-clay, which contains traces 
of vegetable remains. Below the fire-clay are alternate beds of sand- 
stone and arenaceous clay, inclining slightly east, and evidently pro- 
tected from erosion by the hard cap of basalt. These beds are plainly 
tertiary lignite, and must be six hundred to eight hundred feet thick. 
TTTie lowest bed of vesicular basalt is evidently more recent than the 
columnar bed above. 

Golden City is a thriving little town, located near the embouchure of 
Glear Creek from the mountains, which is called the " Golden Gate.'^ 
Olear Creek Yalley is very fertile, and, in looking down upon it from the 
top of the mesa, it appears like a finely cultivated garden. The ridges 
of upheaval or " hog-backs" near Golden City are small and unimport- 
ant, owing to the erosion which has worn them down. But proceeding 
southward a short distance they increase in size. The tertiary ridges 
are most conspicuous until we reach Mount Vernon, about five miles 
south of Golden City, where the older formations are largely displayed. 
Here the tertiary beds are tipped past a vertical position and seem to 
incline toward the mountains; but this is more apparent than real; 
tlie top portion leaning over, while deeper in the earth the strata incline 
at a high angle from the mountains. 

Green Mountain is a lofty, grass-covered hill, and is entirely com- 
posed of the coal strata, while to the west of it is a nearly vertical ridge 
of sandstone. Just inside of this ridge, or beneath it, is a coal bed 
which ha« been opened by Mr. John A. Roe. The entrance to this mine 
is the finest I have seen in Colorado, and is 170 feet in length, through. 
141 feet of sandstone with a slope of 45^. The sides and roof of the 
entrance are not protected. The bed of coal is nearly vertical in position 
at this point, though at some places where it is not wrought it inclines 
east 70°. There are three seams of coal, 4 feet each, in thickness with 3 J 
feet of clay intervening. Below the coal there is a bed of clay 5 feet thick, 
and above 3 J feet arenaceous clay. The coal is close, compact, and makes an 
excellent fuel, and Mr. Roe, who is an old Pennsylvania miner, considers it 
better than t he bituminous coals for all domestic purposes, but for generat- 
ing steam and smelting ores he regards it as inferior. The ash is 
white, resembling pine- wood ashes, and the quantity is small. The coal 
at Murphy's, on Ralston Creek and Golden City, leaves a red ash. There 
are no cinders, and in burning it gives a bright, clear flame ; and although 
it burns iron, it does not give sufiBcient heat to weld it. I believe this 
to be a continuation southward of the Golden City bed. It is also the 
lowest of the coal strata in this region, for in the valley immediately 
west and on the sides of the ridge can be seen the dark clays of the cre- 
taceous beds. This ridge is very high at this place, and is composed of 
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the sandstones of No. 1, and {j portion of the red beds or triassic (!). 
Still further west are two or three rather low ridges of yellowish-gray 
and red sandstones, which cover the gneissoid rocks of the foot-hill* 
of the mountains. By far the largest ridge here is the one containing 
the sandstones of No. 1, but it soon splits up into smaller ridges 
in its southern extension. 

About four miles further south, in the canon of Bear Creek and Tur- 
key Creek, there are fine exhibitions of the beds of upheaval. The 
chalky shales of No. 3, with abundant specimens of Inoceramu8 prohle- 
maticus and Ostrea congestajfoTia a low rounded ridge; then comes a nar- 
row valley worn into the blaek shales of No. 2; and then a high ridge 
of massive sandstone — ^No. 1 — ^inclining 30^ to 35o. On the western 
side of this ridge we see the projecting edges of the sandstone capping 
the ridge, and underneath the variegated marls and sandstones, with 
some of the brick-red beds. Then comes a series of rather low, rugged 
ridges ; first a layer of sandstone and loose brick-red sand with gyp- 
sum ; dip 290. Second ridge, a light gray sandstone with a rusty, yel- 
lowish tinge ; dip 34^. Then come three or four small ridges of deeper 
brick-red, or almost purplish-red sandstone; dip ^9°. The intervals be- 
tween these ridges are composed of arenaceous shale. Among the red 
sandstones are two thin layers of bluish limestone, which is burned inta 
lime. 

The foot-hills of the mountains are composed of gneissoid rocks. They 
form a wide belt or range below the main or Snowy Eange, rising 1,50(> 
to 2,000 feet above the unchanged rocks. These metamorphic ridges or 
hills are well grassed over in many instances, and rounded, and so cov- 
ered with debris that it is almost impossible to see the layers in position. 

On the little creek there is a small mill for grinding the gypsum into 
plaster for various economical purposes, and also for sawing the sand- 
stone into forms for architectural purposes. The gypsum is amorphous, 
but very white and pure, and would make the finest of casts and 
moldings. Some of the layers are susceptible of a high polish like 
the California marbles, only they are of a more uniform white color. 

Up among the foot-hills, good crops are raised, especially all kinds of 
garden vegetables. As fine wheat as I have ever seen was growing on 
Mr. Morisson's farm, at an elevation of at least one thousand to fifteen 
hundred feet above Denver. 

At Harriman's, on Turkey Creek, is an excellent place to observe the 
junction of the sandstones and the gneissoid rocks, and I could not de- 
termine that there was any discordance, the dip of all being 25^^ to 35o. 
The slopes of the hills, as well as the rocks themselves, show the incli- 
nation very clearly. The metamorphic rocks are distinctly stratified aa 
any sandstones, and we find alternate beds of syenite, mica schist, horn- 
blende slate, coarse aggregated quartz, feldspar, and mica, regular gneis- 
soid rocks, inclining at a high angle in the same direction as the sand- 
stones. 

For a long distance there is an apparent conformability of the sedi- 
mentary rocks to thQ metamorphic; but I am inclined to think that it 
is not real or permanent. Both north and south of this ijoint the two 
classes of rocks do not conform. 

Near the summit of the sandstone ridge No. 1, on Turkey Creek, there 
is an asphaltum spring, which has been wrought for oil. A consider- 
able thickness of the sandstone seems to be thoroughly saturated with 
the pitch or bitumen, and between the layers of the sandstone are ac- 
cumulations of the tar. This spring is located on the east side and near 
the summit of the " hogback." 
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About twelve miles southwest of Denver, between Turkey and Bear 
Creeks, are some remarkable soda lakes, which are of unusual interest. 
They are the property of Dr. Burdsall, of Denver, in whose company I 
made as careful an examination of them as my time would permit. There 
are four of these little lakes, and are all located on middle cretaceous 
rocks. The principal one lies just east of a low rounded ridge of creta- 
ceous shale, No. 3, and is surrounded on the other sides by low ridges of 
superficial sand and gravel. A little west of this cretaceous ridge there 
is a lake, a fourth of a mile in length, but on account of the springs flowing 
into it from the sloping sides of the sandstone ridge No. 1 the water is not 
strong. The black shales of No. 2, cretaceous, underlie this lake. The 
soil for twenty feet in depth is fully impregnated with the soda; and on 
the surface of one of the lakes is a crust which looks like dirty ice. A 
shallow ditch which Dr. Burdsall has made out into the lake a few feet, 
has a deposit of sulphate of soda at the bottom in a partially crystalline 
state, one and a half inches thick. Three and a half barrels of the water 
make one barrel of the sulphate of soda, and three pounds of the soil, well 
leached, makes one pound of the salts. The salt, by analysis, contains 
sixty-three percent, of the soda, and the water about thirty-three per cent. 
Tt contains carbonate of soda, sulphate of soda, chloride of sodium, sul- 
phide of calcium, and a trace of magnesia. It would seem that these 
deposits of soda must at no distant period play an important part in the 
industriar operations of Colorado. These soda salts can be manufac- 
tured into bicarbonate of soda, can be used in refining gold and silver, 
also for the manufacture of glass with silicic acid. There is an unlimited 
amount of soda at this locality, and it can be procured at a mere nominal 
cost. 

Within a few yards of these lakes, and located in the black, shaly 
clays of cretaceous formation, No. 2, are considerable quantities of brown 
iron ore of superior quality — as good as the best observed in the Boulder 
coal strata. It occurs in the form of concretions, and occupies a very 
limited area. 



CHAPTER II. 

FROM DENVER TO COLORADO CITY. 

The city of Denver is located on the tertiary rocks which contain the 
coal beds of the west, about ten to fifteen miles from the base of thr 
mountains. The surface is so thickly covered with superficial drift de- 
posits that the basis rocks are seldom seen; but we have every reason 
to suppose that the same beds of coal that are exposed by the uplifting 
of the formations along the immediate flanks of the mountains, extend 
eastward into the plains, and of course underlie, at certain depths, the 
city of Denver. 

As we pass southward, up the valley of the South Platte, we find the 
tertiary sandstones exposed occasionally in the banks of the river; and 
near the canon a seam of coal has been opened and worked to some 
extent. The tertiary beds extend quite close up to the foothills of the 
mountains, leaving a comparatively narrow space for the exhibition of 
the older, unchanged rocks. Still, we may walk across the upturned 
edges of them all and study them with care. 

The valley of the South Platte presents a fine display of the terraces ; 
and the drift, filled with water-worn rocks, is very thick. The sand- 
stones of the tertiary formation are also plainly seen, appearing to be 
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nearly horizontal, although not more than ten miles in a straight line 
from the metamorphic rocks. The whole prairie country has been so 
planed off that it is finely and gently rolling, and the drainage is excel- 
lent. The streams which flow from the sides of the mountains are fed 
by perpetual springs, and are consequently persistent and uniform in 
their amount of water, affording the best water-power in the countr5% 

From the soda lakes to the gTeat '^divide'' the cretaceous and tertiary 
beds, outside of the No, 1 sandstone ridge, are smoothed down and 
grassed over so that they are not conspicuous, though there are expos- 
ures enough to guide the geologist. They are so concealed by superfi- 
cial gravel and sand that they present no good sections either to show 
the strata or dip. This regularity of the surface renders the Platte 
Valley, as well as those of its branches, remarkably fine for farming 
and grazing, and vast herds of cattle already cover the grassy hills and 
plains. The terraces and benches which extend down from the foot of 
the mountains are wxU shown. 

Along the Platte Eiver, near the caiion, a coal bed was opened at one 
time, but now it is covered with loose material which has fallen from 
above, so that it is entirely concealed. The strata here are nearly ver- 
tical. There are two beds of coal, in all about five feet thick, separated 
by about two feet of clay. The coal is not very good, and has not been 
used for three years. It is probably the same bed seen at Golden City, 
thinning out southward. 

Along the Platte and Plum Creeks, the streams cut heavy beds of 
boulder gravel and fine sand, and it is under this deposit the coal is 
found. The valleys of the South Platte, and its branches, between Den- 
ver and the mountains, are exceedingly fertile and productive, and at 
this time they are covered with splendid crops. Nearly or quite all of the 
available bottom lands are already taken up by actual settlers, and are 
imder cultivation. The present season has been unusually favorable for 
farming throughout the west. 

The plain country south of Denver comes close up to the foot of the 
mountains, so that the belt of upheaved sedimentary rocks grows nar- 
rower and narrower until, a few miles south of the Platte canon, they 
cease entirely for^ time. The ridges are very high, ranging from four 
hundred to six hundred feet above the bed of the Platte. To the south- 
\vest can be seen, rising like a range of mountains, the high "divide'' 
between the waters of the South Platte and Arkansas Elvers, covered 
quite thickly with pines. 

The first main ridge contains a few layers of No. 2; alternations of 
clay and sand i^assing down into the sandstones of No. 1. This ridge 
is quite massive and inclines 43^. Tn the channel of the South Platte, 
the distance from the outside of the ridge containing the sandstones of 
No. 1 to the metamorphic rocks, is not more than half a mile. From 
this point to the " divide" the ridges are split up and much crowded. 
The reddish and variegated sands are worn, by atmospheric agencies, into 
the most wonderful and unique forms, equal to the " Garden of the 
Gods," only on a much smaller scale. Here also the red and variegated 
sandstones jut up against tlie metamorphic rocks as if the continuity 
was unbroken. Indeed, the apparent conformity is complete. 

The hills of the first range, composed of metamorphic rocks, are curi- 
ously rounded and grassed over, and are made up of a reddish, decom- 
posing granite. But, as we ascend, these peaks or rounded cones become 
♦'sharper, the sides more rugged, and the rocks more compact. 

As we go southward the indications of beds of Jurassic age become 
more and more feeble. Under the massive sandstones of No. 1 are a 
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series of yellow and white sands and sandstones passing down into 
brick-red sands. Among this series of variegated beds are two thin 
beds of limestone. One of these is a very white rock, and on its weath- 
-ered surface are small masses of chert, which appear to have the struc- 
ture of corals. This bed is six or eight feet thick. Separated by eight 
or ten feet of sandstones is another layer of bluish limestone, which is 
much used for lime. I have never been able to detect any well-defined 
organic remains in these beds, but I believe a portion of them, between 
the lower cretaceous Ko. 1 and the true red beds, are of Jurassic age; 
and it is even possible that a portion of the red beds are of that epoch. 

From the point where the Union Pacific railroad crosses the Laramie 
Mountains to Colorado City, I have been unable to find any well-marked 
carboniferous or Silurian rocks. The red sandstones, which I have' been 
accustomed to regard as triassic, jut up against the metamorphic rocks, 
or are the only exposures that meet the eye of the geologist. I do not 
believe that the carboniferous beds are altogether absent, for limestones 
of considerable thickness, and containing characteristic fossils, occur at 
Granite Caiion, on the Pacific railroad, high up on the margins of the 
mountains ; and also at Colorado City, about two hundred miles to the 
south. In this long interval I have been unable to discover any well- 
defined carboniferous or Silurian rocks, yet I am inclined to think that 
the carbonilerous beds, at least, exist underneath all the other sedimen- 
tary rocks, but are not exposed by the upheaval. 

About five miles south of the Platte Canon the upheaved ridges come 
olose up to the mountains, and are not worn away, but form the north- 
ern side of the divide, so that the entire series of unchanged rocks known 
in this region are exposed in regular continuity. A little further south 
we come to a series of variegated beds of sands and arenaceous clays, 
nearly horizontal, resting on the upturned edges of the older rocks. 
These beds form the northern edge of an extensive tertiary basin of com- 
paratively modem date, either late miocene or pliocene age. From the 
point of their first appearance, about five miles south of the South Platte 
Canon to a point about five miles north of Colorado City, these beds jut 
up against the foot-hills of the mountains, inclining at a small angle, 
never more than five to eight degrees, and entirely concealing all the 
older sedimentary rocks. The upheaved ridge entirely disappears. Far 
off' to the eastward stretches this high tertiary divide, giving rise to a large 
number of streams, as Cherry Creek, Running Water, Kiowa, Bijou, and 
other creeks. Through this basin also flows Monument Creek, which 
has become so celebrated tor its unique scenery. The beds of this forma- 
tion are of various colors — ^reddish, yellow, and white — and of various 
degrees of texture, from coarse pudding-stones to very fine-grained 
sands or sandstones. There is very little lime in the entire series of 
beds. There is much ferruginous matter in all the beds, to some of 
which it gives a rusty brown color. The valley of Plum Creek is scooped 
out of this basin. The high ridge to the eastward is capped with coarse 
sandstones and pudding-stones. Along the immediate sides of the 
mountains the rocks are mostly coarse pudding-stones, the water- worn 
pebbles varying in size from a grain of quartz to a mass several inches 
in diameter. But as we recede from the mountains, eastward, the sedi- 
ments become finer and finer until the coarse pudding-stones disappear. 
I am of the opinion that the materials composing the beds of this group 
have been derived from the mountain ranges and vicinity. In their 
general appearance the rocks of this group resemble the prevailing rocks 
which cover the country from Fort Bridger to Weber Canon, and also 
a series of sands and sandstones along the Gallisteo Creek below Santa 
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F^, which I shall call the GaUisteo sand group. To this group of 
modem tertiary deposits I have given the provisional name of the 
Monument Creek group, and they occupy a space of about forty miles 
in width from east to west, and fifty miles in length north and south. 

Continuing our course southward, we find some curious mesas in the 
valley of West Plum Creek. We ascended one lofty butte, with a flat 
table summit, situated west of the Plum Creek road. The top of this butte 
is about one thousand feet above the road, and is capped with a rather 
close-grained, cream-cdlored rock, which looks quite porphyritic, fifty to 
one hundred feet thick, and plainly of igneous origin. It fractures 
into slabs which have a clinking sound. The beds below are quite 
variegated, of almost every color and texture, mostly fine sand, brick 
red, deep yellow, rusty red, white-ash colored, dull black, &c. The rusty 
iron layers sometimes form a sort of limonite, but are composed largely 
of an aggregate of water-worn pebbles cemented with the silicate of 
iroiji. There are also thick beds of quartzose sandstone, or an aggregate 
of crystals of quartz and feldspar, so compact as to look like a coarse 
granite. These large masses afford good illustrations of the process of 
weathering by exfoliation. 

The evidence is clear in a number of localities that at a late period in 
geological history there were dikes or protrusions of igneous material 
which flowed over these Monument Creek sandstones in broad sheets 
or beds; and these broad, table-top buttes and mesas are the evidences 
that are now left after erosion. 

This modem tertiary basin is very interesting as the introduction of 
a new feature in the geology of this region. The appearance of the 
country also undergoes a decided improvement. The great divide is 
covered rather thickly with pine timber. It is full of excellent springs 
and fertile valleys which give origin to numerous streams. The grass 
is excellent and abundant, even upon the summits of the table lands. 
For a distance of ten miles about the sources of Plum Creek the red 
beds or triassic jut square against the sides of the metamorphic foot- 
hills of the mountains. The projecting summits of the upturned ridges 
gradually fade out in importance. They have also lost their usual regu- 
larity, and are split up into an indefinite number of fragments of ridges, 
varying in dip from ten to forty-five degrees. Near the water divide 
these ridges gradually close up again toward the foot of the mountains 
and are entirely concealed by the sands and arenaceous clays of the 
Monument Creek group. 

In the valley of West Plum Creek and its branches, as they emerge 
from the mountains, we have a fine exposure of the sedimentary beds. 
The coarse, yellowish-gray sandstones and pudding-stones of the Monu- 
ment Creek groui) incline slightly, perhaps three to five degrees. Then 
come the sandstones of the lignite tertiary, inclining twenty-five degrees. 
Then west of West Plum Creek are some ridges of cretaceous rocks. 
The first ridge is made up of a rather impure limestone, filled with well- 
defined species of Inoceramus and other shells, of No. 3 or middle creta- 
ceous. The next ridge west is composed of No. 1, and the intermediate 
valley is underlaid with the shales of No. 2. Among the brick-red 
ridges is one low ridge composed almost entirely of gypsum — an unusual 
development of this material — to the thickness of thirty or forty feet. 

There is an extensive series of low ridges of red and gray sandstones 
extending up the base of the mountains. 

The high i>ortioii of country, which is plainly visible from Denver when 
looking southward, and from the Arkansas River looking northward, 
would seem to bave been i)rotected from erosion by causes which I can* 
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not yet well explain. The water divide is the long bench which extends 
down from the very base of the mountains eastward, and forms the line 
of separation between the sources of the streams which flow southward 
into the Arkansas on the one side and into the South Platte on the other. 
This water divide is well worthy of especial notice, inasmuch as it is 
composed of the Monument Creek formation, and juts up against the 
almost vertical metamorphic rocks, retaining its nearly horizontal posi- 
tion, and perfectly concealing all the older rocks for at least five miles 
north of the line of separation. 

The valleys of Plum Creek and of its branches are quite wide, and 
are scooped out of the modern deposits so as to form a most beautiful 
and fertile lands, while on each side a bench extends down from the 
mountains like a lawn. The series of older rocks are exposed by the 
stripping off of the newer tertiaries in the valley of Plum Creek. The 
bench on the north side conceals them, for the most part, close up to the 
foot of the mountains, while on the south side they are entirely concealed 
until they reappear near Colorado City. 

The divide forms a high ridge with a mesa-like top, stretching far east- 
ward beyond the horizon, covered with pines. On each side the beds ot 
whitish-yellow and reddish sandstones appear like fortifications, holding 
a nearly horizontal position. Xear the foot-hills there is a narrow val- 
ley, perhaps one-fourth of a mile wide, and lying against the sides of the 
mountains are remnants left after the erosion. I at first mistook them for 
the red triassic beds, but on a close examination I found them to be a coarse 
aggregate of feldspar and quartz, colored extensively with iron. There 
are inclosed in the rock various water- worn pebbles of all sizes and 
textures. This rock decomposes readily, especially by the process of 
exfoliation. The whole rock is so massive and compact that it might 
easily be mistaken for a metamorphic sandstone. 

Just south of the first branch of Monument- Creek there is a fine ex- 
hibition of the erosion of the sandstones. At one localitj^ they lie snug 
up against gneissoid rocks, showing the discordant relations perfectly. 
These illustrations seem to show plainly that the sediments of this recent 
tertiary deposit have all been derived from the disintegration or erosion 
of the metamorphic rocks and perhaps the older sedimentary beds in the 
immediate vicinity. 

In a beautiful little basin near Monument Creek, which leads to the 
creek, is a lone pillar or column of sandstone, three-cornered, with the 
strata perfectly horizontal, about thirty feet high. The sands compos- 
ing this are coarse and of a yellowish or whitish color. It has been for 
a long time a favorite object for the photographer. 

At one point on Monument Creek the red granites, high up on the 
mountain side, show the perpendicular lines of cleavage in a marked 
manner. Some of the openings are several feet wide. The strike of 
these lines of cleavage is about southwest and northeast. 

For a considerable distance, some ten or fifteen miles, along the imme- 
diate base of the mountains, on the west side of Monumeafc Creek, the 
Jong, smooth, grassy benches slope down toward the creek, sliced as it 
were or cut by the numerous little branches. These lawn-like slopes or 
"benches vary in height. Sometimes on the side of a little branch, where 
the valley is deep, there is an intermediate terrace or step to the higher 
ridge. 

AH these valleys seem to be occupied by farmers and stock-raisers. 
Almost every available spot is taken up by actual settlers. 

The first range of mountains on the east side, from the divide to a 
point near Colorado City, appears to me to present a fine illustration of 
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what I have called an abrupt anticlinal ; that is, only the abrupt side of 
the western slope appears here. The eastern side has either been worn 
away or was never elevated to a great height, and is now concealed 
by the recent deposits. The summit of the metamorphic ridge projects 
far over the base of the mountains, and the western side of the monoeli- 
nal shows a gentle slope. That this eastern portion of the metamorphic 
anticlinal may have been elevated and then fell back, or may not have 
been elevated at all and still exists beneath, is shown from the fact that 
the sedimentary ridges or "hog-backs'' gradually diminish in dip to the 
point of concealment. 

The little streams which flow into Monument Creek, as well as the 
creek itself, cut through a coarse material of various colors with irregu- 
lar layers of deposition. Sometimes a layer is hardened into a coarse 
sandstone, and then comes a thin layer of ironstone or impure limonite^ 
but the whole is a quartzose material and rather coarse. There are now 
and then thin seams of fine sand or clay. Near the stage station there 
is a bluff of ratlier massive whitish sandstone, with some thin beds of 
clay at intervals. There is much iron in these rocks, and this aggregates 
in the form of a rusty layer, quite hard. The light-colored sandstones 
below are weathered into most singular columnar or monument-like 
forms, with this layer of rusty sandstone as a cap protecting the summits. 
There are some dark bands of arenaceous clay, and in the sandstone a 
few rounded concretions. 

About six miles north of Colorado City the upheaved ridges or "hog- 
backs" reappear irom beneath the quartzose sandstones of the Monu- 
ment Creek group. The white massive sandstones of the lower creta- 
ceous lie high on the mountain side. The first ridge that we pass through 
along the road is a whitish brown, rather yielding sandstone, with rusty 
yellow portions, with very irregular laminae of deposition. The strike 
is southwest and northeast, and the dip 32°. This is a bed of the lig- 
nite tAliary. 

High up on the sides of the mountains, for ten miles or more about 
the Soda Springs, there is a great thickness of red porphyritic granite, 
inclining from the mountains in well-defined ridges, like sandstone. 
From their very deep rusty red color, I regarded them as sandstones 
until I made a close examination of them. They have a well-marked dip 
of forty-five to fifty degrees, somewhat less than the massive granite 
rocks which form the nucleus. All these ridges rise like steps toward the 
range of which Pike's Peak forms a part, with the sloping sides toward 
the northeast and the summits leaning over toward the axis of elevation. 

These very red granitoid rocks have formed a very conspicuous fea- 
ture on the eastern side of the mountains for thirty miles or more north 
of Colorado City ; and, as they readily decompose, the hills and roads 
are paved with the crystals of feldspar and quartz. The constituent 
which predominates is feldspar, which gives the red color. This rock is 
composed of a coarse aggregate of quartz and feldspar with a little black 
mica, and now and then a little pencil -like crystal of hornblende. The 
rock itself does not seem to be so red, but the debris has a dull rusty- 
red color in the distance. Upon the summits of the mountains about 
Pike's Peak are columns of massive granite — immense rounded masses, 
standing one ui)on the other, giving a most picturesque appearance to 
the scenery, and affording fine illustrations of the style of weathering. 

The unchanged rocks are here seen resting directly upon these dull 
reddish granites. The lower beds are composed of a more or less fine- 
grained sandstone, with some small pebbles, variegated in color, passing 
up into rocks of a semi-crystalline texture. Most of the rocks appear as 
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if they had been partially changed by heat. There is every variety of 
texture, mostly silicious, but some layers appear to be an impure lime- 
stone. 

For a space of about ten miles from north to south, and an average 
width of five miles from east to west, about Colorado City, all the 
unchanged rocks are displayed in a unique and remarkably clear man- 
ner. The ridges of upheaval are spread out over an unusually wide 
space. Here every formation known in this region is distinctly revealed 
to the scrutiny of the geologist. 

Beginning in the plain coimtry w^e have the sands and sandstones 
of the Monument Creek group in a perfectly horizontal position, and 
separated from the older rocks by a v^ey about half a mile wide. It is 
through this valley, which runs neaily north and south, that the road 
passes. The Monument ('reek group is seen on the east in the form of 
a rounded grassy range of hills; while on the west side the cretaceous 
formations are exposed in the form of upheaved ridges.. I have no 
doubt but that this intervening valley is underlaid by lignite tertiary 
beds, for as we enter it from Monument Creek valley we have an expo- 
sure of the sandstones of this group for a little distance, revealed by the 
stripping off of the Monument Creek sands by erosion. They very soon 
pass beneath the more recent deposits. On the west side of the road, 
near Camp Creek, which flows through what is called the second "Gar- 
den of the Gods,'' we find the chalky shales of No. S^with Inoceramtis and 
Ostrea congesta in great abundance. All the cretaceous rocks, including 
the massive sandstones of Ko. 1, are finely displayed in this region, and 
No. 1 forms a most picturesque and nearly vertical wall for six to ten 
miles, as it were inclosing the "Garden of the Gods." There is one 
peculiar feature presented by these nearly perpendicular walls of sand- 
stone, and that is, two quite distinct lines of cleavage, but not quite as 
regular or as well defined as in the gneissoid rocks of the mining regions. 
These lines cross each other, one set with a direction northwest and 
southeast, and the other southwest and noilheast. 

The rocks included in this wall-like ridge are layers of fine black shale, 
fine sandstone with bits of vegetable matter, and a thin seam of earthy lig- 
nite. Then come beds of whitish sandstones, with thin layers of limestone 
^ made up of indistinct fragments of fossil shells, with bed of ^snowy 
' gypsum; then a series of whitish, yellow, and brick-red sandstones, with 
intervals of loose, laminated sands, which form a kind of grassy valleys. 
In passing up the Fountain Creek valley we cross the upheaved edges 
of twenty or thirty of these fragmentary ridges, all inclining at various 
angles, from ten degrees to sixty degrees. It is to the peculiar weath- 
ering of these variegated upturned ridges of sandstone that the wonder- 
fully unique scenery of the "Garden of the Gods'' is due. In some 
localities some of these beds seem to pass over beyond verticality 3^ 
to 50. The composition of these sandstones is mostly fine sand, but 
often it is an aggregate of minute particles of quartz, with some small, 
rounded pebbles. All the beds exhibit the indications of ripple 
marks, irregular lines of deposition, and in most, the water-worn pebbles 
are small, but sometimes they are from six to ten inches in diameter. 
The upper portions of the variegated beds are a light brick red, with 
si>ots and irregular layers of whitish sandstone. 

As we pass to older beds this red color deepens until it becomes a dull 
purple hue. There are in all these sandstones a great many irregular 
seams of gypsum. Everywhere among these curious projecting ridges 
of sandstone are beautiM grassy intervals. To show the irregularity 
of the dip of these rocks, the ridges that give the most marked features 
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to the picturesque scenery incline eighty to eighty-five degrees, and then 
immediately west are several low ridges dipping fifteen to twenty degrees. 

There is a somewhat extensive cave in the north portion of the sand- 
stone ridge that forms the entrance to the "Garden of the Gods.^ It is 
caused by the washing away of a soft layer, about three feet thick, by a 
little stream of water that trickles down from the summit of the ridge. 
These vertical ridges of red sandstone rise above the surface about two 
hundred and fifty feet. Just east of the entrance or gate, about fifty yards, 
is a w^U of white sandstone, with seams of impure, gritly gypsum run- 
ning through it in every direction, forming a kind of net- work. The 
strike of these ridges is nearly north and south. 

At Crater's Falls, above the soda springs on Fountain Creek, there 
is a remarkable caiion, jn which the unchanged sedimentary rocks are 
iSeen to rest directly on the red porphyritic granites. At no point along 
the eastern base of the mountains, from Laramie Peak southward, have 
1 seen the two classes of rocks so fairly in apposition. The metamorphic 
rocks beneath are quite massive — a deep rusty red; an aggregate of crys- 
tals of feldspar and quartz, with some black mica. The cleavage lines 
are shown with great distinctness, but the lines of stratification in the 
two kinds of rocks do not precisely correspond. I think that the strata 
of both groups incline in the same direction, but the granites seem to be 
more steeply inclined. As I have before remarked, there seems to be a 
ijonformity in very many localities, and sometimes extending over large 
districts, between the unchanged and changed rocks, but I am inclined 
to regard this conformity as more apparent than real. 

The rock wliich rests directly upon the granites at this locality is a 
sandstone, totally unchanged, as if it had been deposited on them in cool 
and rather quiet waters. It is composed of minute crystals of quartz, 
considerably rounded by attrition, and cemented with silicate of iron. 
This sandstone is quite massive, with streaks or seams of small pebbles. 
We have them resting upon the granites, then alternate layers of light 
gray, and rusty reddish sandstone — forty feet; then a very deep dull 
purplish sandstone with dark spots — ^two hundred feet. Above this a 
thinly laminated yellowish- white limestone, of various degrees of fineness, 
with vast quantities of crinoidal remains, some corals, small univalves 
&c. This limestone must be from three hundred to four hundred feet - 
thick. The dip of the rocks is distinct, as the little streams have cut 
the most perfect sections. Sometimes masses of these rocks are lifted 
high on the summits of the mountains, in an almost horizontal position, 
then again they dip ten, twenty, or thirty degrees in different directions. 

A few hundred yards to the northeast of the Crater Falls, on Foun- 
tain Creek, there is a little branch which flows do^vn from the mountains, 
and has cut out of the rocks a most remarkable canon. The limestones 
and sandstones are here shown most perfectly in the vertical walls, for a 
mile or more resting on the granites below, and inclining not more than 
50 to 100. 

About four miles northwest of Colorado City is what is called the 
second "Garden of the Gods," through which flows Camp Creek. Tbe 
area is much smaller than that of the first Garden 6f the Gods, but the 
scenery is even more remarkable. The entrance is through a kind of 
gateway, cut by the creek at right angles to the ridge of lower creta- 
oeous sandstone No. 1. This ridge forms high walls, with a dip to 
the east of 55° to 60°. Then comes, inside of this wall, a narrow belt 
of what must be Jurassic limestone, some portions being of a bluish color 
and brittle, filled with indistinct animal remains. Then comes the gyp- 
«ilerous sandstone, with a bed of snowy gypsum, gradually passing into 
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light brick-red, and deep, dull, purplish sandstones. Here again the 
sandstones are worn into wonderful shapes— columns, peaks, &c. All the 
sedimentary rocks are reduced to a narrow belt, and the ridges are 
crowded together into a space of hardly a mile in width, and on the foot- 
hills of the mountains are the deep, dull, red sandstones and limestones 
of the carboniferous resting upon the red granites. The walls of the 
Oamp Creek canon show all the carboniferous beds in their relation with 
the granites most i)erfectly. Upon the weathered surface of the reddish 
limestones I found a number of specimens of brachiopodous shells. 

A short distance north of this canon, the Jurassic and carboniferous 
beds are seen in a nearly vertical position, and lying in perfect apposi- 
tion, showing complete continuity. It is therefore my opinion that there 
is no discordancy in the unchanged beds, from the granites up to the 
Monument Creek group. The latter never conform to the beds below, 
while I am inclined to regard all the instances of apparent conformity 
of the sedimentary rocks with the metamorphic as not real but accidental. 

. As the ridges emerge from beneath the Monument Creek group at the 
north end of the second Garden of the Gods, the trend is a little east of 
south, and they finally bend around so that they jut up against the 
base of the mountains a little way south of Colorado City, with a trend 
nearly east and west. 

About five miles east of the base of the mountains, and four miles 
northeast of Colorjado City, Mr. Gehrung has a land claim where a coal 
bed crops out of the bank of a creek. Above the coal is about eight or 
ten feet of clay, and below there is also a bed of clay, and the coal 
above and below gradually passes into the clay. This clay is filled 
with fragments of vegetable matter, some seeds and plants. The clay 
passes up into fine sand. In the distant hills, the beds of whitish mas- 
sive sandstones are weathered into fortification-like bluffs. The coal is 
very light, varies much in thickness, from a few inches to five or six feet, 
and seems to be a sort of jet. There are several other localities where 
the carbonaceous clay crops out in the vaUeys of the little branches, and 
it occurs in the Monument Creek group, and therefore must be of very 
modern date. There are also, in the clays above and below the coal, con- 
siderable quantities of impure brown iron ore. 

Perhaps the feature of the greatest general interest in this region is 
the Soda Springs, which are located about three miles above Colorado 
City, in the valley of Fountain Creek. The water issues from the ground 
very near the junction of the sedimentary and metamorphic rocks, close 
by the base of Pike's Peak. The scenery around them is grand beyond 
any that I have ever seen in the vicinity of any other medicinal springs. 

There are four of them. The first one is close to the road and within fifty 
feet of the creek, and perhaps at this time ten or fifteen feet above its 
bed. The violent bubbling up of the water would indicate the issue of 
a large* supply, but there can hardly be a gaUon a minute. For a 
distance of sixty feet or more around the spring there is a deposit or 
incrustation in thin layers. Its thickness I could not determine, 
though it is probably not more than six or eight feet. About twenty- 
five feet west of the present opening there is another which formerly 
gave exit to the water. It is about five inches in diameter. The sediments 
deposited around these springs seem to be filled up with foreign mat- 
ter, introduced during deposition. Portions of the deposit are very 
hard and filled with small cavities, lined with a whitish, partially crys- 
talline material, probably carbonate of lime or gypsum. 

About one hundred yards above the first spring is the second one, 
on the right side of the creek. This is much the largest one and 
10 IE 
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has formed a basin six or eight feet across, from the center of which 
boils np a most violent current, so that one would suppose there was 
water enough to make a good-sized trout brook, and yet not more than 
live or six gallons a minute issue from it. A small stream a^ut four 
inches wide, and an inch deep, passes off into the creek. About this 
spring, also, there is a large deposit, which is rounded off on the side 
toward the creek by the overflow of the water from the spring. 

On the opposite side of the creek, not more than twenty feet from it, 
and located about ten feet above it, is a third small spring. The water is 
stronger than that of the others and is used principaUy for drinking 
purposes. The cavity in this deposit is about twelve inches in diameter 
and the water twelve inches deep, and the bubbles rise continually and 
energetically, but not more than half a gallon of water a minute passes 
off. There is now a constant deposition of a whitish substance from 
the spiing, and it extends to the margin of the creek. Between the sec- 
ond and third springs are two massive red felspathic granite boulders^ 
a coarse aggregate of feldspar, quartz, and some black mica. One of these 
boulders, which lies on the leit side oi the creek, must be at least twenty- 
five feet in diameter, and is partially rounded by atmospheric influences. 
The other is perhaps six feet in diameter and lies in the middle of the 
stream, and between the two, in a space of three feet, the greater part 
of the water of the brook rushes down with considerable force. 

The fourth spring is perhaps fifty feet above the second, on the right 
side of the creek, and within four feet of the water's edge. There Is no 
sediment deposited around it, and, although the water bubbles up some- 
what, it is rather chalybeate than otherwise. The taste is scarcely 
perceptible, and but little notice is taken of it by tourists. 

The basin of the second spring is about four feet deep and is used for 
s bathing. -The first three springs are strongly impregnated with car- 
bonic acid gas and are the true springs. 

These springs must necessarily have their origin in the metamorphic 
rocks, although the waters may pass up through a considerable thick- 
ness of the older sedimentary beds. On both sides of Fountain Creek 
there is a considerable thickness of the carboniferous beds, but the creek 
seems to run through a sort of monoclinal rift, though at the falls above, 
the stream cuts through the ridges nearly at right angles. At any rate, 
there cannot be a very great thickness of the unchanged rocks below 
the surface at the springs. 

As these springs must at some period become a celebrated and popu- 
lar resort for invalids from all parts of the world, I will add an analysis 
of a fragment of the incrustation mentioned above, as given in Fremont's 
report, page 117. 

Carbonate of lime 92. 25 

Carbonate of magnesia 1. 21 

Sulphate of lime, chloride of calcium, chloride of magnesia * .23 

Sihca 1.50 

Vegetable matter .20 

Moisture and loss 4. 61 



100. 00 






"At 11 o'clock, when the temperature of the air was 73^, that of the 
water in this was 60^.5 ; and that of the upper spring, which issued from 
the flat rocks more exposed to the sun, was 69^. At sunset, when the 
temperature of the air was 66°, that of the lower springs was 58^, and 
that of the upper Ol^."— Fr:6mont. 
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CHAPTEE HL 

FROM COLORADO CITY TO SPANISH PEAKS. 

Looking toward Colorado City from the south, it would seem that the 
lift, or pass in the mountains through which Fountain Creek (Fontaine qui 
bouillej flows, formed a line of separation between the ranges of moun- 
tains ; that the north range died out suddenly, in its southern extension, 
at this point. There is a plain valley of separation visible. 

A little below the city, the ridges, or "hog-backs,'' flex to the feouthwest 
and jut up against the base of the mountains and disappear. These 
mountains are of that abrupt type which I have before referred to ; that 
is, they form the west portion of an anticlinal, the east half of which is 
' not visible. These mountains I call abrupt becai^e the summits are 
formed of projecting masses of rocks leaning over eastward beyond the 
base, where this class of mountains occur. The sedimentary beds jut up 
against the base without any special dip, or, at any rate, there is no wide 
belt of upheaved ridges, but the most recent formations in the region 
lap on to the base of the mountains. The immediate eastern range north 
of Colorado City, and the one south, are, it seems to me, fine illustrations 
of this statement, and I am more and more convinced that it is correct. 

Passing over that portion of the country south of Colorado City, be- 
tween Fountain Creek and the base of the mountains, the upper creta- 
ceous beds, No. 4, are quite extensive, with Baculites ovatus and Inoce- 
. ramus in great quantities. The cretaceous rocks are well shown, espe- 
cially the upper portions, in the valley of Fountain Creek, from Colorado 
City to its junction with the Arkansas Eiver. A number of species of 
fossils, especially shells and saurian remains, are found quite abundantly. 
There are also scattered about, remnants of thQ Monument Creek group; 
and below Colorado City these recent tertiariea occupy considerable area, 
and reach a good thiclmess. 

But the most conspicuous feature that we observe is the vast quan- 
tity of granite boulders scattered over the surface near the base of the 
mountains, extending at least to Fountain Creek. They diminish in size 
as they recede from the mountains, and are not much worn. 

About ten miles* below Colorado City the "hog-backs'' appear again 
faintly in the form of one or two narrow ridges. The lofty mountain, 
rising up abruptly two thousand or three thousand feet above the base, 
stops suddenly, and lower granite ridges, with their eastern sides sloping 
and covered with grass, come in. 

About fifteen miles south of Colorado City a little wooded stream that 
issues from the mountains seems to form the northern limit of a high 
ridge, which at first extends from the foot of the mountains in the form 
of a pretty high "hog-back," but soon passes down southeast into the 
variegated sands of the Monument Creek group. From this point to 
within a few miles of the Arkansas, the rece^nt tertiary beds are quite 
prominent. ThQ mountains seem also to be composed largely of igneous 
rocks. 

About fifteen miles south of Colorado City the road to Canon City 
passes among the upheaved ridges which form a very narrow belt at 
first, but continues to increase in width until we come to the valley of 
the Arkansas, where they spread out to a great breadth. 

At tBe point south of Colorado City where the upheaved ridges reap- 
pear, the mountains begin to break up into low hills and fragmentary 
ranges which continuaUy run out in the plains. Indeed, tihie entire 
eastern flank of the mountains, as we pass from the north southwardy 
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exhibit an irregular but distinct "en echelon " arrangement; and at a 
number of localities, the ranges will pass off in the prairies, south or 
southeast, in groups, thus causing an abrupt notch or bend in the range. 
Thete is also in the canon of the Arkansas an extensive bow or notch, 
where the upheaved ridges are very conspicuous and numerous, where 
the complete series of formations, in their regular order of sequence, are 
thrown up to the vision. 

After entering among the upheaved ridges we find the lower creta- 
ceous sandstones forming a conspicuous ridge, inclining thirty degrees 
to forty degrees about northeast. Then come the variegated sandstones 
and the brick-red beds inclining at various angles as heretofore described. 
Before reaching the Arkansas some of the ridges become very large and 
high, from five hundred to six himdred feet. In very many localities, 
for a long distance; the red sandstones lie distinctly against the granite 
hills. Not unfrequently fbr fifty miles or more along the eastern base 
of the mountains, all the unchanged beds have been worn away fropi the 
metamorphic, and a smooth, grassy valley intervenes, so that it is some- 
times difficult to find the two classes of rocks in contact. 

About ten miles north of the Arkansas we have an immense ridge, at 
least eight hundred feet high, capped with lower cretaceous sandstones, 
and below them fine arenaceous sands, clays, thin beds of limestone pass- 
ing down into variegated layers, with a heavy bed of gypsum, from 
fifteen to thirty feet thick, at its base. This bed of gypsum seems to 
form a sort of dividing line between the brick-red beds and the varie- 
gated sandstones above. Passing Beaver Creek we come into a fine oval 
park, with the large ridge on the east side, and the low red sandstones, 
which lie on the granite, on the west side. This park is about four miles 
long and half a mile wide. The bed of gypsum is very conspicuous. 

In the vicinity of the Arkansas VaUey the cretaceous formations be- 
come quite apparent, and while there seems to be no marked line of sep- 
aration between the divisions, yet portions of Nos. 1, 2, 3, 4 and 5 can 
be distinctly seen. On Oil Creek, near Canon City, there are high iso- 
lated hiUs which show the black shales of Ko. 4, gradually passing up 
into the rusty arenaceous clays of 'No. 5. High on the flanks of the 
mountains can be seen the carboniferous beds, inclining at large angles. 
The hills are covered with small pines, mostly the pinon, (Finus edulisj 
but all the lumber has to be brought from a distance of thirty or forty 
miles^ ' 

High up in the foot-hills of the mountains, in the valley of Oil Creek, 
a branch of the Arkansas, are the celebrated Oil Springs. There are 
four of them from which oil is taken, but they are near together, and 
probably all come from the same source. The oil seeps out through 
sandstone seventy or eighty feet beneath the surface. A hole has been 
bored down three hundred feet, but no regular reservoir has been found. 

About four thousand gallons of refined oil have been made here per 
year, for the past three years. There are many impurities in the crude 
oil: twelve per cent, benzine; fifty per cent, heavy oil ; the remainder is 
tar and nitrogenous matter; muchofitisparaffine,andparaffineoiL There 
is also about fifteen per cent, of useless matter. 1 saw more than twenty 
barrels of refuse oil at the spring, which had been rejected from the 
refinery. This is used for greasing wagons, &c. Specific grgpvity 38. 

The lower cretaceous rocks rise in vertical cut bluffs, four hundred 
to six hundred feet above the oil springs, and the creek cuts through 
the upper part of the variegated beds. The course of Oil Creek is nearly 
south. A range of mountains extends down along the east side of the 
creek^ and nms out before reaching the Arkansas, and on the west side 
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the various formations are shown in a nearly horizontal position, or 
inclining southwest at a small angle. Indeed, Oil Creek flows through 
a sort of synclinal valley in part, and near the source of it the red or 
triassic beds rest upon the granites. All along this creek, where the 
unchanged rocks are well shown, the lower cretaceous beds seem to 
pass down into a narrow belt of ashen gray sands and sandstones, which 
continue down into a variegated series of beds, a part of which I regard 
as Jurassic. 

Near the oil springs there are, above the reddish beds, six layers of 
massive sandstones, varying from ten to twenty feet thick, with seams 
of arenaceous clays, from a few inches to ten feet in thickness. These 
rocks exhibit all the indications of shallow water deposition in places, 
but not a fossil of any kind could be found, and, therefore, it is dif- 
ficult to determine wheibher they are lower cretaceous or Jurassic. 

As to the sources of this oil, I could gain no reliable information. The 
borings have gone down into the pudding-stones of the lower triassic, 
and yet no reservoir has been found. It is not known but that the oil 
may come up from the granites. Great quantities of salt water issue 
from the springs with the oil, and the oil is taken from the surface of 
the salt water. 

At Canon City, where the Arkansas comes out of the mountains, 
on the south side of the river, the principal ridge or " hog-back," which is 
composed of No. 1, dips 34°, and has a trend about southwest; while on 
the north side the long ridge, of which there is a very high one, like a 
lofty wall, composed of the sandstones of Ko. 1, while a lower outer ridge 
is made up of the fine calcareous sandstones of No. 2, filled up with 
Inoceramus. It is from this low ridge that the stone for building pur- 
poses is obtained. It is not very durable, but works easily and makes 
handsome structures. This regular wall extends northward, bordering 
the plain in a straight line for five or six miles, and is very conspicuous. 

Issuing from the ground, between the ridges of cretaceous No. 1 and No. 
2, in the valley, about a mile above Canon City, is one of the finest mineral 
springs we have seen in the West. It is quite small, but the water is de- 
licious. It is doubtless the same, essentially, as the springs at Colorado 
City. 

Just back or inside of this sandstone wall No. 1, is an ashen-gray bed 
of arenaceous layers, with a bed of fine silicious limestone, containing 
what seems to me to be indistinct fragments of fresh -water shells. This 
belt passes down into the red pudding-stones below. Passing up the 
Arkansas a few hundred yards further, we come to the metamorphic rocks. 

About four miles below Canon City, on the Arkansas Eiver, are some 
isolated hills, looking in the distance like fortifications, composed of Nos. 
4 and 5 cretaceous, capped with a rusty yellow sandstone, which I regard 
as the lowest bed of the coal formations. 

Both the cretaceous and tertiary beds seem to dip southwest five to ten 
degrees, while on the south side of the Arkansas the tertiary beds incline 
rather northeast, so that there is an obscure synclinal which shows the 
influence of the ranges of mountains on each side of the valley. The coal 
strata have all the characteristics of the older tertiary sandstones, as 
shown in the Laramie Plains. 

Between Canon City and Hardscrabble Creek, the tertiary beds jut 
up against the Wet Mountain range, concealing all the older rocks. 
About half a mile east of Canon City, the high cretaceous ridges are seen, 
and then they disappear beneath the tertiary beds, and reappear at the 
head of Hardscrabble Creek, about thirty miles to the eastward. 

High up the foot of the granite hills of Wet Mountain, an obscure syn- 
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clinal valley can be seen, through which flows a small branch called Oak 
Creek. The dip of the tertiary beds on either side is nowhere more 
than ten degrees, seldom more than five degrees. The coal crops out in 
many places. In the sandstones are the peculiar concretionary form^ 
which are common in these beds everywhere. Their general appearance 
points out their age to the eye at once. 

About ten miles below Canon City a coal bed has been ox)ened and 
wrought to some extent. I obtained here the following section of the 
strata: 

9. Sandstone and clay to the summit of the hill - 30 to 40 feet. 

8. Carbonaceous and arenaceous clay - 10 feet. 

7. Yellowish, gray, soft, fine-grained sandstones - 10 feet. 

6. Carbonaceous clay, passing up into laminated clay - 20 feet. 

5. Coal - - - - - - 1 foot. 

4. Drab carbonaceous clay - - - - 10 feet. 

3. Coal ----- - 5 feet. 

2. Drab clay - - - - -4to8 feet. 

1. Yellow ash-colored arenaceous clay, passing down into a yellowish 
gray sandstone. 

In the clay are nodules of iron ore, which are full of impressions of 
deciduous leaves, like SaliXy PlatamiSj Thuya^ and a broad flag-like plant 
are abundant. 

All through the clay there is a yellow powder, oxide of iron, and seams 
of gypsum. Much selenite is scattered through the beds of clay and 
coal. The plants, so far as I have seen, are found in the clays just above 
the coal. 

The yellow arenaceous clays of Ko. 6, in the Arkansas YaUey, pass up 
into a somewhat extensive series of what I caU mud beds, composed oi 
alternate thin layers of clay and mud sandstones, with all kinds of mud 
markings, sort of transition beds or beds of passage. In the upper 
portion of these layers I found an imperfect specimen of Inoceramtfs. 
This group of beds is from fifty to one hundred feet in thickness. Eesting 
upon them is a thick bed of rusty yellow sandstone, which I regard as 
the lower bed of the tertiary deposits, and marks their commencement in 
the Laramie Plains, on the Arkansas Eiver, and the Eaton Mountains. 
Below these beds of passage there is a yellow, arenaceous, marly clay, ftdl 
of iron-rust concretions, with an abundance of small bivalves and other 
shells, with Baeulites ovatus — plainly No. 5. 

It is now clear that the Caiion City coal formation occupies a very 
restricted area; that the entire thickness of the beds caimot be more 
than six hundred to eight hundred feet; and that it is an isolated portion, 
protected from erosion in a manner not easily explained, and that it was 
once connected with the same formations in the Laramie Plains, about 
Denver, southward in the Eaton Mountains, and most probably also 
with those containing coal in the valley of the Eio Grande. The area 
occupied by the coal beds lies east of Canon City, between Wet Moun- 
tain and the Arkansas Eiver, with the eastern limit three or four miles 
before reaching Hardscrabble Creek. It is about twenty miles from 
east to west, and five to ei^ht miles wide from north to south ; and only a 
small portion of it will tumish coal. The coal itself is quite good for 
the purposes of fuel, but the beds are not thick, and the quantity is not 
great. There is the usual quantity of brown iron ore connected with 
these beds. 

The Arkansas Eiver flows through the synclinal depression^ below 
the mouth of Hardscrabble Creek. 
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It may be that the older rocks are elevated under the dehris close to 
the foot of Wet Mountain, but no beds older than the cretaceous can be 
seen. The upper cretaceous beds extend up close to the mountains, 
oftentimes capped with the tertiary, inclining not more than five to ten 
degtfees. 

At the head of Hardscrabble Creek the ridges of upheaval or " hog- 
backs" begin to show themselves again in a narrow belt which rapidly 
widens out, so that before reachiog Greenhorn Creek they have spread 
out to a width of several miles. 

On Eed Creek, which is about eight miles south of Hardscrabble, 
there is the finest exhibition of the yellow massive chalk passing down 
into the gray marl of Ko. 3 that I have seen south of the Upper Mis- 
souri. In the channel of this stream and its branches there are vertical 
walls eighty to one hundred feet high, looking much like irregular mason 
work. Some of the gray portion is a very hard limestone, and contains 
a large, apparently undescribed species of Inoceramus. Between Eed 
Creek and St. Charles there are other exhibitions of the cretaceous 
rocks, but especially of the quartzose sandstones of No. 1, which, at the 
foot of the mountains, are cut through by the numerous little branches 
in a most picturesque manner. The little streams run through vertical 
waUs eighty to one hundred feet high, forming most interesting canons, 
and revealing all the peculiarities of structure of this sandstone. Some 
of it is coarse and friable, other portions are compact silicious rocks; 
others, a pebbly conglomerate. All the illustrations of irregular layers 
of deposition, ripple or wave markings peculiar to sandstones, ate found 
here; also, admirable examples of slickensides. The jointage, which is 
very marked, is vertical, at right angles to the lines of stratification, and 
most essentially assists atmospheric agencies in wearing it away, so that 
the sides of the walls are often very rugged, and immense cubical blocks 
have fallen down by the water's side. 

The different formations aU along the flanks of the mountains are 
exposed by the upheaval of the mountains, and lie in belts or zone^, 
which are sometimes concealed for a distance by recent tertiary deposits 
or by debris; or they are narrow or wide at d&erent points, and their 
oonditions are only to be determined by personal inspection. 

At the head of St. Charles Creek all the rocks incline gradually down 
from the mountain side. No. 1 dips thirty degrees and slopes gently 
down until it reaches a nearly horizontal position in the plain. West 
of this first high ridge is a fine valley in which are beautiful, cultivated 
farms. The red beds are well shown, and I have no doubt but that the 
carboniferous limestones are exposed on the sides of the mountains. 

Just before reaching Greenhorn Creek aU the small ridges and the 
first high one run out in the plain, and the mountains flex around 
toward the southwest to form the notch for the Sangre de Christo Pass. 
The ridges of elevation and the side ranges, like Wet Mountain, have a 
general trend about northwest and southeast, and all the lower ridges 
run out in the prairie, and Wet Mountain ceases at the pass. 

On the north side of Greenhorn Creek, near Hicklin's Eanche, No. 2, 
is a rusty arenaceous limestone, full of shark's teeth, mingled with a 
small species of Ostrea. The arenaceous limestone is attached to a gray, 
fine-grained sandstone, and is rather concretionary in form. Just on 
the opposite side of the creek, and apparently holding a higher position, 
are the quartzose rocks of No. 1. Around the south end of the Wet 
Mountain, the cretaceous beds, Nos. 2 and 3, in the form of dark clay, 
4tnd yellow, chalky shales, present bench-like hills, extending down at 
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right angles to the strike of the range or eastward, and present an east 
front with nearly horizontal strata. 

All the ridges along the flanks of Wet Mountain have a general strike 
of northwest and southeast, and run out in the plain. Wet Mountain 
also flexes around slightly so as to end nearly or quite in a south trend, 
while the ridges appear again on the southwest and west side, ronning 
up into Huerfano Park. Here we see on the west side of the Wet Mount- 
ain range, the red beds and cretaceous formations, corresponding to 
those on the east side. The park is largely occupied with the calcareous 
shales of No. 3. 

Just before reaching Badito, in the Sangre de Christo Pass, there is a 
long ridge, extending down westward from the Wet Mountains, which is^ 
compose^ mostly of the red and white sandstones of the triassic, inclin- 
ing twenty-five to thirty degrees. At Badito we find mostly a reddish- 
gray quartzose sandstone Uke No. 1, and it forms the foot-hills of the 
mountains. As usual the dip of the bed is in various directions and at 
different angles. The Huerfano Creek is a fine stream with a moderately 
wide valley which is all cultivated by Mexicans. Huerfano Park is^ 
about fifteen miles long and from three io five wide, and is already filled 
with settlers. It is surrounded on all sides by mountains composed of 
igneous and metamorphic rocks. Black Butte, the principal peak of Wet 
Mountain range, appears perfectly round or mammi-form and is basaltic. 
Scattered over the area of the park are several outbursts of basalt. The 
cretaceous beds dip south in some places ten to twenty-five degrees; in 
others they are nearly horizontal. As we ascend the pass by the road 
we can see three considerable ranges called the Veta Mountains — one 
range on the north side and two on the south side — all igneous rocks^ 
They all have sharp sierra-like summits. 

These dikes have so heated the sedimentary rocks in their vicinity 
that we have here every variety and grade between unchanged and 
changed rocks. The summits a-fid sides of these mountains are covered 
with a continuous mass of debris of broken rocks, and this mass has the 
appearance of being just ready to fall down, like an immense land-slide. 
On the sides of the mountains near the pass are belts of quartzose sand- 
stone, some of it a pudding-stone — ^really forming a portion of those seen 
on the west side, for I do not think we come to the axis here until we 
find the granitic belt, some eight or ten miles west of the immediate 
summit of the pass. We therefore have the cretaceous rocks, limestones, 
and sandstones, and then the reddish sandstones at the summit, and 
then farther west the fall series of carboniferous lunestones. From the 
divide between the Greenhorn and Cuchara creeks, looking southward^ 
is one of the most extended and beautiful views on our route. The long 
level benches extend down from the mountains, apparently breaking off 
from point te point, and appearing high at the place broken. These 
benches are planed off so as to look like long tables, and, with the valleys 
between them, seem to me to show clearly the direction of the eroding 
force. All these benches are underlaid by the soft sandy marls of Nos. 
2 and 3, cretaceous. 

Huerfano Butte rises up in the midst of the plain in the valley of 
Huerfano Creek. The rocks are basaltic, some portions a true syenite. 
It is evident that it is a portion of a dike which has extended north- 
east from the mountains. Much of the rock is massive igneous granite.^ 
Fragments of cretaceous clays, changed by heat, are scattered around the 
butte. It seems te me that this is a dike, thrust up before the super- 
incumbent beds were swept away, and that the igneous material never 
reached the surface in a melted state. The butte is about two hundred 
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feet high, the rocks being of a dark steel-gray color. There is no evi- 
dence that the underlying strata have been disturbed by this butte. 

The evidences of igneous protrusions are everywhere abundant, south 
of this point, for two hundred miles. The Spanish Peaks I regard as a 
gigantic dike, with the strike about northeast and southwest. The entire 
su^ace of the country, from the Spanish Peaks to the Raton Mountains, 
is penetrated with dikes, which often reach far across the country with 
a trend about northeast and southwest. The cretaceous rocks are in 
many places much changed by contact with the fluid mass, and in some 
cases the strata are somewhat disturbe'd. The clays are turned into 
slates and the sandstones into dark steel-colored rocks, much like the 
basalt itself. In No. 2 1 found a species of InoceramtiSj very distinct, and 
a Modiola, 

About ten miles before reaching the Apishpa Creek the tertiary sand- 
stones begin to show their abrupt bluffs on our right. I am convinced 
that beds of this age entirely surround the Spanish Peaks and the 
mountains in the vicinity. This abrupt front continues north of the 
Eaton Mountains until we come to Trinidad, and presents a singular feature 
in the scenery. It would seem to form a sort of a shore line of a won- 
derful basin, as if a body of water had swept along and washed against 
these high bluffs, as along some large river. That these beds once ex- 
tended far out into the plains eastward, seems clear, and the evidences 
of erosive action are enormous. Here, abrupt bluffs which form these 
different shore lines are four hundred to six hundred feet high above the 
creeks, and the dip of the strata is about five degrees west or southwest. 
In the plains to the eastward are isolated mesas, which are left as monu- 
men ts to show that these beds, with the igneous outpourings, once extended 
over a large part or all of the space to the eastward, which now looks so 
finely leveled off like a meadow. This wall-like front extends sixty or 
eighty miles in a nearly direct line southward, capped with a thick bed 
of basalt, for tbe most part. 

Just east of the Spanish Peaks a distinct synclinal can be seen in the 
tertiary beds. They dip slightly from the peaks, and from the bluffs 
they dip gently toward the peaks, enough to produce a distinct depres- 
sion of considerable length. I do not know why the tertiary strata 
incline toward the mountains, unless they have been partially elevated 
by the dikes. 

As far to the southward as the eye can reach, the country looks rugged 
and mountainous, with some curious mesa-like summits covered thickly 
with the pinon. These tertiary beds are composed as usual of alternate 
beds of rather yielding sandstones of all textures and composition, with 
clays, some of which are carbonaceous. The harder beds project out 
from the sides of the lulls, while the softer beds are smoothed off and 
covered with grass or other vegetation. 

Near a stage station, about ten miles south of Apishpa Creek, the creta- 
ceous clays, No. 2, are cut through by a small creek, so as to reveal three 
dikes within the space of thirty feet. The first is well defined ; four inches 
wide, vertical, looking like a stratum of dark brown sandstone standing 
perpendicular; strike twenty degrees north of east. Second dike, strike 
Dortheast and southwest; four feet wide. Third dike, northeast and 
southwest, from twelve to eighteen inches wide. The clays are not dis- 
turbed, and are perfectly horizontal, but so changed on each side of the 
dike that the cleavage has the appearance of stratification. I am con- 
vinced that in the case of these su^U dikes the melted material has been 
thrust up through the cleavage openings. There are very many dikes 
in this region, all of which have a similar direction. I suspect that in 
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all cases of dikes these cleavage openings are lines of least resistance, and 
form the apertures for the exit of melted material, and that the sur- 
rounding strata are not disturbed only where the pressure from beneath 
is too great. I would simply suggest, however, that it is quite probable 
that as there are in nearly all rocks two sets of cleavage lines crossing 
each other at certain angles, so there are two sets of gigantic cleavage 
lines for the earth's surface, which have formed the lines of least resistance 
to the elevation of the mountain ranges — ^the basaltic ranges in most 
instances having a strike northeast and southwest, while the metamor- 
phic ranges trend northwest and southeast. The eruption of the igneous 
rocks is an event subsequent to the elevation of the metamorphic ranges. 
Sometimes the eruptive rocks seem to trend northwest and southeast, or 
nearly so. 

On the hills surrounding Trinidad are great quantities of impressions 
of deciduous leaves in the rocks. The most conspicuous, as well as 
abundant, fossil, is a species of fan palm, undoubtedly Sabal campbellii^ 
which occurs in the lignite beds on the Upper Missouri. This plant 
would seem to have formed the dominant tree in ancient times, much like 
the palmetto of South Carolina. . In some places the calcareous sand- 
stones are filled with this plant for miles. There are also, in considerable 
abundance, leaves of the Magnolia^ Flatanus^ Laurus^ &c., and, so far as I 
can determine, identical with the species found on the Upper Missouri. I 
do not doubt for a moment that all the coal beds of the Eaton Mountains 
are tertiary and belong to the great coal system which has already been 
traced over such a wide area. In a little dry creek I observed an out- 
crop of coal, about two feet thick, with drab clay above, filled with brown 
iron ore, and above this a gray laminated sandstone. In this sandstone 
a huge specimen of the S€S)al was found. 

About four or five miles up the Purgatory Kiver, aboye Trinidad, on 
the south side of the creek, I examined two openings that have been 
made for coal. It is the same bed in both places, and is aboutfour or five 
feet thick at the outcrop. Underneath it, i^ a sort of indurated sandstone 
with very irregular laminae, with thin layers of vegetable matter. 
Immediately beneath the coal is four to six feet of drab arenaceous clay, 
with large concretionary masses of iron ore of excellent quality; above 
the coal is drab clay passing up into sandstone. These openings for 
coal are about fifteen feet above the bed of the creek, and the strata are 
nearly horizontal. The clay above the coal at the other opening, not 
far away, is, perhaps, eight feet thick, and full of iron ore, with leaves 
like willow and nuts and small filiform leaves like jgrass. The clay is 
a drab steel color passing gradually up into a very rugged sandstone with 
projecting hard layers, which give a wall-like appearance to the bluff-like 
sides. Frdm the Spanish Peaks to Trinidad, and along the Purgatory 
Creek for four miles above, the black shales of the cretaceous are visi- 
ble. Usually in this region these drab shales pass into a series of 
alternate clays and sandstones in thin layers, and upon them rests a 
conspicous bed of rusty yellow sandstone, which I have regarded as the 
lowest bed of the tertiary series. A bed of sandstone precisely similar to 
this, and holding the same geological position, occurs at Canon City and 
the Laramie Plains. But at these localities the intermediate cretaceous 
beds, !N'os. 3, 4, and 5, are not absent, while in the Eaton Mountains the 
sandstone seems to rest directly upon the lower cretaceous formation, 
]N"o. 2. I have searched this sandstone over an area of many mUes for 
fossils, and I only succeeded in finding one obscure fragment of a marine 
bivalve like the clam', while in the mud beds and shales below, speci- 
mens of Inoceramm are common. I make this sandstone, therefore^ the 
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line of separation between the tertiary and cretaceons formations in this 
region. If this is true — and I am confident that it is — ^there is an entire 
want of continnity in tlie sequence of the beds. 

In a dry gulch, about two miles west of Trinidad, there is a bluff with 
about thirty feet of black cretaceous shales, No. 2, with an irregular 
surfaee, on which is deposited ten to fifteen feet of partially worn pebbles, 
held together by a carbonate or silicate of lime. Much of it looks like 
tufa. In this place there is quite a deposit of what appears to be the 
excrement of birds or bats, but which has been oftentimes mistaken for 
the indications of i)etroleum. This deposit of pudding-stone seems to 
be quite common, and is well shown in the banks of all the dry creeks. 

Eaton Peak is the highest point in this region, and I have estimated 
it to be about eight hundred to a thousand feet above Purgatory Creek. 
It is capped with a huge mass of basalt, and underneath it is a great 
thickness of the tertiary strata, some layers of which are full of impres- 
sions of leaves. I distinctly recognized Sahal^ Platanus^ Carya, ComuSj 
and Popultis. In the muddy sandstones, just underneath the coal bed, is 
' an abundance of a species of pine cone in the form of casts. 

Crossing the road, about four miles west of Trinidad, is a beautiful 
illustration of a dike, about twelve to fourteen inches wide, with a strike 
twenty degrees south of east, and a slight inclination southward. It is 
thrust up through a considerable thickness of the lower tertiary beds. The 
rock seems to be very heavy, though full of cavities, filled with a whitish 
substance which cuts easily with a knife — calcite or carbonate of lime. The 
hills north of Fischer's Peak, through a bed of coal. A little further the 
mass of the rocks has a rather bright, black color. This dike runs along the 
road and passes over another dike, which is more obscure and not as well 
defined. On the east side of the road are several outcroppings of coal 
in the sides of the hills. The coal is about four feet thick, with arena- 
ceous clay above, passing up into sandstone. 

About five miles south of Trinidad, on the east side of the road, is 
another exposure of the coal in the banks of a little creek, which is 
worthy of notice. From the water's edge up there are layers of fine- 
gr ained sandstone filled with bits of vegetable matter. Above this comes 
a bed of black shale, four feet, passing up into a gray sandstone, rather 
concretionary and irregular in its line of deposition. This bed is fifteen 
or twenty feet, sometimes solid sandstone. Then in a little distance it 
will be separated by a bed of shale or black slate. Above the sandstone 
is shale with iron ore; then about two feet of mud sandstone; then very 
black clay, nodular in some places — the middle portion impure, earthy 
coal — ^five feet ; then two feet laminated bluish gray sandstone, with stems 
and bits of vegetable matter scattered through it ; then black coaly shale, 
— eighteen inches ; passing up into a layer of good coal — ^twelve inches; 
black shale — ^four feet ; then a layer of sandstone — three inches ; then black 
shale passing up into arenaceous clays; then black shale-— six feet; then 
a bed of coal — six or seven feet. Immediately above the coal bed, without 
any clay, is an irregular gray, rusty sandstone, full of concretionary 
layers, and readily yielding to atmospheric influences. Then comes dnib 
arenaceous clay — ^threefeet; good coal — ^fourfeet; drab arenaceous clay, 
with very large concretionary masses of brown iron ore. This clay bed 
must be fifteen or twenty feet thick, passing up into a soft yellow sand- 
stone, fifteen or twenty feet thick, and capping the first hill. Then 
alternations of sandstone and clays continue far up the distant hills for 
hundreds of feet, until we reach the mesa or basaltic cap. Here some 
coal beds show plainly along the road for six or eight miles above Trin- 
idad, and still higher up on the hills, now concealed by vegetation, I 
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have no doubt that there are beds of coal. The mesa, of which Baton 
and Fischer's Peaks form parts, is undoubtedly the overflow of a dike, 
which seemed to take a geueral direction northeast and southwest, and 
toward the nortEieast appears to incline about ten degrees. 

In ascending the Baton Mountains by the road the cretaceous beds 
soon disappear; the tertiary come in with coal and soon disappear in 
turn. The dip of these beds I found difficult to determine, and, I tbink, 
when there is any, it is local, and that in the aggregate they may be re- 
garded as nearly horizontal. Just before reaching the toll-gate, near Mr. 
Wooten's, the sandstone iodines northward aBout fifteen degrees. Near 
the toll-gate, by the side of the road, a bed of impure coal, two feet thick, 
ha« been exposed. In a ravine further south there is an opening from 
which coal is taken for fuel, the bed being four feet thick and of excellent 
quality. This bed has some impure coal above and below, and when 
opened I think that it will prove to be from six to eight feet thick, good 
coal. The grass and debris so cover these hills that it is impossible to 
get a connected section of the beds, but the usual clays and sandstones 
occur above the coal. / 

Toward the southern end of the pass there are some perpendicular walls 
of sandstone which show a vertical cleavage, strike southeast and north- 
west. In this sandstone are two or three small seams of coal, two to four 
inches thick, which break the lines of cleavage and interrupt them. This 
sandstoue is from one hundred to one hundred and fifty feet thick, and 
immediately beneath it is an irregular bed of the alternate thin layers 
of the mud sandstone and clay, which I have called a bed of passage 
between the cretaceous and tertiary of this region. I call it a sort of 
mud shale, as the sediments seem to indicate a ^4>ntinuous mud flat, 
with the surface of the sandstones and shales covered with all sorts of 
mud markings. As we emerge from the Baton Mountains southward to 
the plains we find a large thickness of this mud shale with the sandstones 
above. There seems to be three hundred to four hundred feet of sand- 
stone, with a cap of basalt. At the foot of the hills there is a dike with 
a strike northeast and southwest, with a width of about six feet. This 
dike is shown on the west side of the road in the form of a pile of hori- 
zontal columns, like cordwood, fifty feet high or more. Some of the 
columns are five-sided, but mostly four-sided. 

All along our right hand the high hills are precisely as they were from 
Spanish Peaks to Trinidad. These bluff-hills continue like an irregular 
wall a« tar as Maxwell's. They are cut up by side streams into cones and 
ridges, giving a wonderfcd picturesqueness to the scenery. This range 
of hills presents the same kind of shore-line as is seen north of the 
Baton HiUs, with the lower cretaceous shales and the sandstone in juxta- 
position. On the east side of the road, broken portions of these ridges 
extend down southward or southeast. Scattered over this broad plain 
are buttes and mesas — ^isolated exhibitions of the basaltic rocks. The 
tertiary beds soon cease in the plains to the eastward, and the cretaceous 
beds occupy the country. That all this beautiful valley or plain on the 
east side of the Baton Hills has been carved oujt of the tertiary strata 
appears to me most probabM. Why the eroding agency left such a belt 
of hills as the Baton it is difficult for me to determine, but I am dis- 
posed to believe that it act^ from the northwest toward the southeast, 
and was local. The direction of all the benches of cretaceous material 
left in the valley, as well as that of the mesa tops, has this general trendy 
and the map will show the numerous branches which flow from the moun- 
tains into the Canadian Biver through these tertiaiy hills. I have called 
the bluff-hills on the west side of the road a shore line, because they pre- 
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sent almost vertical sides like the blaffs along the Missouri Eiver. These 
hills show first lower cretaceous shales, from one hundred to one hundred 
and fifty feet thick, then fifty to one hundred feet of sandstone, the coal 
beds overlaid with sandstones again. When any of the little streams cut 
these beds, thev reveal the coS, as in the Vermejo Creek and others, 
ascending toward their sources. 

Kear the Vermejo Creek I obtained the following general section 
ascending: 

1st. Cretaceous shales, with Inoceramus and Ostrea. 

2d. Massive heavy bedded sandstone, yellowish gray, rather concre- 
tionary in its structure, and weathering by exfoliation. 

3d. Three thin seams of coal, with clay above.and below, in all twenty 
feet in thickness. 

4th. Rusty gray sandstones, fifteen feet. 

5th. Clay, passing up into a thick bed of coal, apparently from six to 
ten feet thick. 

6th. The coal is overlaid immediately by a soft sandstone, which passes 
up into a heavy bedded sandstone, fifty to eighty feet thick. 

7th. One hundred and fifty feet of arenaceous clays, two beds of coal 
about midway, one twelve inches the other four feet thick, with a few 
thin beds of sandstone. 

8th. Capping the hills is a bed of sandstone of indefinite thickness. 

In the sandstone are immense rounded masses of a deep, dull reddish, 
rather fine-grained sandstone, which is evidently concretionary. Many 
of these masses have fallen down on the sides of the hill, and are now 
disintegrating by the process of exfoliation. From these high hills one 
can look with a field-glass fifty to one hundred miles into the plains 
southeast, along the valley of the Canadian River A long, mesa-like 
ridge extends down from the mountains and finally dies out in the 
plains. I am confident that the conical hills on the north side of the 
Vermejo are six hundred feet above the bed of the creek. 

I am now satisfied that these tertiary strata extend close up to the 
mountains from the Spanish Peaks to Maxwell's, and the ouly way I 
can account for the very slight disturbances of the sedimentary beds is 
the fact that the mountains to the west of them are mostly basaltic. 
The miners in the Moreno Valley regard it as very strange that gold 
mines and coal beds should be found in the immediate vicinity of each 
other. From the fact that these hills or mountains are composed 
almost entirely of horizontal strata of comparatively recent date, I 
think they should be called simply hills. They occupy quite an 
extensive area, and contain a vast quantity of coal and iron 
ore, practically inexhaustible, however great the demand in future 
years. The brown iron ore of this vicinity is the richest I have 
ever seen in the West, and the coal is equal to any ever discovered 
west of the Missouri river, except that in the Placiere Mountains of New 
Mexico. Between the Cimarron and Rayada Cteeks, a lofty ridge, one 
thousand feet or more in height, extends from the mountains with a 
trend a little south of east, the dip north about forty-five degrees. North 
from this ridge, which is composed of altered sandstones, the tertiary 
beds dip gently about five to ten degrees. Between these and the al- 
tered sandstone ridge is a cretaceous ridge, five hundred feet high, in- 
clining at a moderate angle. This ridge of altered sandstone seems to 
be a sort of side elevation or spur, prolonged eastward from the main 
range, and soon ceases. 

From Maxwell's to Fort Union the plain country is occupied by creta- 
ceous rocks, mostly the dark shales of No. 2, though the sand- 
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atones of Ko. 1 appear now and then, especially in tlie vicinity of 
Fort Union. Scattered all over this broad space are a vast number of 
conical buttes and mesas, so that the surface would seem to be pierced 
everywhere by dikes or outbursts of basaltic rocks. Since leaving the 
Arkansas River southward, the cretaceous formations seem to have in- 
creasexl greatly in importance, and here No. 2 seems to be enor- 
mously developed. After leaving the Cimarron southward, a peculiar 
configuration of the surface commences, which has been gradually un- 
foldinfif ever since we left the Spanish Peaks. From this point to the 
Cimarron there was a commingling of features, those that result from 
the outpouring of the igneous rocks, and those from the weathering of 
the tertiary strata. South of the Cimarron, the vallies are more narrow 
and more sharply defined, as are the cones and mesas, and the only form- 
ations involved, so far as the plains are concerned, are the igneous 
rocks and the lower cretaceous. The grass is excellent in the vallies, 
and the hills are covered with pinon. Ko good timber is found any- 
where, so that the adobe method of building houses adopted by the Mex- 
icans would seem to have arisen from the natural deficiencies of the 
country. The mingling of the eroded material of the igneous rocks 
with the cretaceous clays, sands, and marls, seems to have produced a 
good soil. The vallies appear to have been carved out of the basaltic me- 
sas, sometimes with wonderful regularity and beauty. There are sev- 
eral sets or series of mesas, as it were. The higher mesas are covered 
with a great thickness of basalt with vertical sides, the basalt breaking 
into columnar masses. The lower mesas seem to be more level or table- 
like, and are covered thickly with fragments of basalt. It is quite possi- 
ble that these different mesas represent different levels of the surface, 
l)rior to the outpouring of thefluid material. Between Sweetwater Creek 
and Ocat^, I found near the road some yellow sandstones, filled with 
fragments of Ostrea^ which I think belong to the upper part of No. 2. 

Near Ocate, the peculiar carving out of the valleys by erosion is seen, 
presenting to the eye the most beautiful views that can be conceived 
of in the natural world. They seem to have been formed by the hand 
of art. No other condition of the surface could have admitted of their 
existence. The fluid material seems to have been poured out over the 
surface in one continuous and almost uniform sheet or layer, and these 
valleys are thus carved out of the mesas. The little streams cut narrow 
channels through these basaltic plains, sometimes very deep and often 
for miles without a bush to mark the water course, so that they are not 
observed by the traveler until he is in close proximity to them. 

Ftom Ocat6 Creek to Fort Union, the surface, is covered with volcanic 
rocks, many of which are soporous as to seem like pumice. These masses 
are so light that they must have been scattered by the wind. There are 
great numbers of hills and ridges scattered in every direction, covered 
thickly with these igneous fragments. 



CHAPTEE IV. 

FROM FORT UNION TO MORA. 

Through the kindness of Dr. Peters, United States Army, the' surgeon 
of Fort Union, I made a short journey to Mora Valley, about eighteen 
miles west of Fort Union, and I am also indebted very much to him for 
his knowledge of this country. 
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About due west of the fort is a long ridge which runs nearly north 
and south, and is underlaid by the quartzose sandstones of Ko. 1. This 
ridge is cut through in every direction by dry creeks, which show that 
the strata are quite horizontal. The plateau or mesa-like summit is 
about five imlcs across, when we descend into a park-like area eroded 
out of the brick-red beds in the Cayot^ Valley. The rocks of the plateau 
are here seen to incline east from five to ten degrees, just revealiug the 
upper portion of the brick-red beds. This vaBey is about three miles 
wide and perhaps five to ten miles inlength, and at the south end the creek 
cuts through the cretaceous plateau, forming a narrow gorge. On the 
west side we have the red upheaved ridge well shown, and all through 
the valley are fragments of low ridges inclining at moderate angles. 
Between the little branches of the creek and all around the borders of 
the valley are well defined terraces. This valley or park is beautifully 
grassed over, and the benches or terraces are as smoothly rounded off 
as they well can be. The surface is covered with water- worn bowlders 
and drift. On the west side of this valley the road passes through the gorge 
of the Mora Creek, and for nearly ten miles we travel across the upturned 
edges of the sedimentary rocks. There seem to be here two well defined 
series of red sandstones; the upper series we have described as under- 
lying the park-like valley of the Cayot^ Creek, about three nules wide, 
and separated by lofty ridges of yeUowish, gray sandstone on the east 
side; and then, west of the gorge, a second series of rather dull 
purplish or dull brick-red sandstones, all inchniug in the same direction 
but at different angles. The low ridges of the upper series of red beds 
incline west fifteen, twenty, and thirty degrees. The highest ridge is 
composed of the yellowish gray sandstone that separates the two series 
of red beds, and is about one hundred and fifty feet high, and inclines 
thirty-three degrees. 

PassiDg up t£e valley of the Mora the sandstoifes are of all colors and 
textures, some of the ridges very fine, compact ; others coarse-grained, 
and yielding readily to atmospheric influences ; others composed of an 
aggregate of particles of quartz and small water- worn pebbles. Among 
the pebbly sandstones there is a thin layer, perhaps a foot thick, of an 
ashen-gray brittle limestone. This second or lower series of reddish 
sandstones extends nearly two miles, dipping fiity to sixty degrees; in 
a few cases nearly vertical. The intervals between these ridges, which 
are usually from ten to one hundred yards wide, are grassed over and 
sometimes reveal the fact that they are underlaid by soft shale. !Neithei 
in the first or second series of red beds was I able to detect any organic 
lemains. 

Within about three nules of Mora Valley we come to a series of alter- 
nate ridges of sandstones, limestones, and shales, inclining forty to fifty 
degrees. The first bed of limestone is full of lossil shells, Produetus^ 
several species, S]^irifera subtilita^ 8. triplicataj &c. Then comes a bed 
of micaceous sandstone, full of vegetable impressions of the genus 
CalamiteSy and large fruits or nuts. These beds incline sixty-five degrees. 
After this comes a coarse reddish sandstone, an aggregate of particles 
of quartz and worn pebbles, most of it a fine pudding-stone. Then comes 
about three hundred feet of reddish sandstone, then cherty limestone, 
with Productus^ Spiriferay and other species of true carboniferous types. 
Alternate beds of sandstone, limestone, and shale continue nearly to the 
Mora Valley — the beds of sandstone forming about nine-tenths of the 
thickness. From Fort Union to Mora, eighteen nules, we pass directly 
west, at right angles, to the mountain ranges, and over the upturned edges 
of the secfimentary beds from the lower cretaceous to the metamorphic 
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rocks. The sedimentary rocks all incline in the same direction, at various 
angles, from five to seven degrees. I cannot see that in this vast series of 
ridges, any beds have been repeated, and, therefore, there must be exposed 
here in a curiously consecutive manner Ibrom eight thousand to ten thou- 
sand feet, at least, of sedimentary rocks. The junction of the unchanged 
rocks with the gneissic beds is rather obscure, but a bed of limestone 
seems to incline against them. From my observations from Las Vegas 
to Santa F6, 1 am satisfied that all along the mountains the carboniferous 
limestones rest directly on the granitic rocks. The valley of the Mora, 
in which the town of that name is situated, is one of the most fertile 
and beautiful that I have ever seen in the West. It is almost entirely 
surrounded by mountain ranges, and in the aggregate it forms a high 
quaquaversal — ^that is, the rocks seem to incline from all directions 
toward a common central point. It is about ten miles long from east 
to west, and two miles wide from north to south. It is in the form of a 
cross. At the east side is a long valley extending five miles or more 
in each direction north and south from it. Either one of these valleys, 
taken separately, would form a synclinal. The whole valley is in part 
worn out of the gneissic rocks. Mora Creek runs directly through it 
and every acre of it is under cultivation, and with the rude Mexican 
st>'le of farming, produces most abundant crops. 

All around this valley the slopes of the mountains show clearly that 
the metamorphic rocks incline from it at very high angles; and all 
around the borders are foot-hills or low ridges, the remnants that are 
left, after erosion, which show distinctly the direction of the dip. But 
the series of gneissic beds on the east side of the valley are very interest- 
ing, consisting of alternate beds of black banded gneiss, and a coarse 
aggregate of feldspar and quartz. Some of the beds are composed of 
mottled gneiss. These beds all incline to the west or northwest, at various 
angles from twenty degrees to thirty degrees. This series of gneissic 
strata extends nearly half a mile^ and is plainly a remnant left after 
erosion. They incline in an opposite direction to the unchanged rocks — 
that is, there is no conformity. This is one of the most interesting points 
on our route in a geological point of view, and I regretted very much, 
that I could not remain a longer time. 

About northeast from Fort Union there is a small range of mountains 
of some interest, called Turkey Hills. They seem to foirm a regular up- 
heaval with a line of fracture nearly northwest and southeast, and appar- 
ently independent of the volcanic forces that have once operated all around 
it. This mountain is well covered with timber, and the highest points rise 
fifteen hundred to two thousand feet above the level oUSie plain at Fort 
Union. Entering the mountains nearly north of the fort, we pass up a sort 
of anticlinal valley ; the beds inclining in each direction at a small angle. 
None but the lower cretaceous sandstones and a portion of the upper 
series of red-beds are exposed anywhere in this range, which is about 
twenty-five miles long and ten miles wide. Among the red-beds are two 
or three layers of bluish limestone, and underneath the cretaceous is a 
bed of fine-grained whitish sandstone, which I am inclined to regard as 
Jurassic. From the summits of these mountains we can see the Spanish 
Peaks, Raton Mountains, and, indeed, the whole country round about 
for a radius of one hundred to one hundred and fifty miles. About nine 
miles east of Fort Union there is an old volcanic crater of great interest. 
This is the nearest approach to recent volcanic indications that I have 
ever seen, or known on the east side of the mountains. The rim of 
the crater is circular and well defined, though the depression is very 
shallow. Yet, as we ascended the high volcanic mountain, we found the 
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Bides covered with masses of rough basalt, so much so as to render travel- 
jig difficult and very laborious. But inside of this crater there is 
scarcely a rock to be seen, and the slightly concave surface is thickly 
grassed over. The immediate sides of this mountain all around are covered 
with longitudinal ridges of the rock which was evidently poured out of 
the crater and ran down the sides. The circular crater is about fifty 
yards in diameter, and is now filled up with earth. This rounded moun- 
tain must have been built up by the continued overflow of melted rock, 
and at this time its summit is at least twelve hundred to fifteen hundred 
feet above Fort Union. In the vicinity are what seemed to be rifts, 
which have now formed valleys or gulches, and on each side of which 
are thick borders or walls of the basalt. 

About fifteen miles north of Fort Union there is another of these cra- 
ters which has attracted attention. The depression is about two hun- 
dred and fifty feet deep and five hundred yards in diameter, and the rim 
is broken away on the north side. The borders of the crater are elevated 
about twelve hundred feet above the fort. This vast mountain mass 
must be the accumulation of the outpoured melted rocks. All over the 
sides are immense ridges or banks, as it were, of the melted rock which 
has flowed out of the crater. The summit is covered with lava, some of it 
black and some of it of a red color, but very jporous and light, like pumice, 
so that the wind has distributed great quantities for a long distance over 
the plains below. This melted material has been poured out over the cre- 
taceous beds, often concealing them over large areas. I am convinced that 
at one period a very large portion of this country was covered with these cra- 
ters, but none of them seem now to be so well defined as those described. 

About four miles north of the fort is a mesa capped with basalt, which 
is tinderlaid by cretaceous rocks. Sometimes the basalt is worn away 
over large areas, uncovering the rocks below. The mesa is about three 
hundred feet above the fort. The valley in which Fort Union is located 
is a very beautiful one, and is plainly carved out of the cretaceous 
plateau. On the west side the abrupt walls can be seen for miles, but on 
the east the ascent up to the foot of the tertiary mountains is gradual^ 
though here and there the cretaceous rocks crop out. 

Before closing this cliapter I wish to offer my most cordial thanks to 
the officers of Fort Union, for courtesies and aid which enabled me to 
perform the work of a month in a few days. Under the intelligent 
guidance of Captain W. E. Shoemaker, I spent two most profitable days 
examining the country in the vicinity of Fort Union, and with Dr. D. C. 
Peters, United States Army, visited the beautiful Mora Valley. The 
entire party were the recipients of favors at this post, which showed 
more clearly than I can express it in words the deep interest which the 
officers of the army everywhere take in the development of the material 
interests of that portion of the West where they are stationed. We could 
also measure the amount of life in the citizens of any town we visited, by 
the interest they took in our efforts to study the resources of the country. 
Mr. C. W. Kitchen, especially, and the citizens of Las Vegas generally, 
extended every attention to us in their power, and I am convinced that 
at no distant day this must be the most pleasant and prosperous town in 
New Mexico. 

11 H 
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CHAPTER V 

FROM FORT UNION TO SANTA Ffi. 

We left the hospitable post of Fort Union with regret and pur- 
sued our way southward towards Las Vegas. The first eight miles we 
passed over quartzose sandstones of Ko. 1, and then appeared above 
them a hard bluish limestone, which belongs to No. 2. The sandstones 
o :No. 1 gradually disappear, and the limestones take their plaee. 
Several species of Inoceramtis occur, and Mrs. Greneral Grier has in her 
possession an Ammonites that camearom this region, which is tubercu- 
lated like A.perearinatus. All the way to Las Vegas we have a fine view 
of the country along the base of the mountains. The exposures of the 
sedimentary rocks are wonderful in their extent along the eastern base of 
the mountains, from Fort Union to the point below Santa F6, where the 
range passes out and is lost in the plains. The belt of upheaved ridges 
is from four to eight miles wide. All around Las Vegas, in the plains, 
the blue limestones, passing up into an enormous thickness of the black 
shales of No. 2, is everywhere seen. The little streams cut deep chan- 
nels through it. 

The finest section of the sedimentary rocks of this region, that I have 
ever seen, may be found between Las Vegas and the Hot Springs, on 
Gallinas Creek. The beds from the raetamorphic to the cretaceous, 
inclusive, are so regularly and clearly exposed along this <5reek that it is 
not possible to mistake their continuity, and I would call the attention 
of all travelers visiting this country, who have any interest in the 
geology, to it. 

The Hot Springs, which have already become so celebrated for their 
supposed curative qualities in certain diseases, are located about five 
miles northwest of Las Vegas, just at the junction of the carboniferous 
and the gneissic rocks. The lowest spring issues from the granite just 
underneath a mass of limestone. The bed of limestone that rests directly 
on tlie granites is quite hard and cherty, with a dip nearly southeast 4()o 
to 450. The metamorphic rocks below are rotten gneiss. From this point 
outward towards the plains I made the following section, passing over 
the upturned edges as they were exposed with wonderful clearness and 
consecutiveness to the eye : 

1. Hard grayish cherty limestone, resting, directly on the gneiss. 

2. Micaceous sandstone full of iron, partly a very micaceous rotten 
shale. 

3. Yellow limestone with less chert, excellent for lime, contairiing 
ProductuSj two or three species, Spirifera subtilita. Between the beds of 
limestone, that vary from four to twenty feet thick^ are two beds of 
rusty clay, each four to six feet thick, the whole dipping 50o. 

4. Black shale with thin layers of a sort of arenaceous mud, from 
one-quarter of an inch to four inches in thickness. 

5. Limestones with Prodttctus, Spirifera^ corals and crinoidal stems, pass- 
ing up into a very cherty limestone, one hundred and fifty feet thick ; 
dip 60° to 750, Among the layers of limestone are thin seams of shale. 

6. Grayish brown arenaceous limestone passing up into a somewhat 
micaceous sandstone — 30 feet. 

7. Variegated greenish, reddish, ashen, and yellowish shaly clays — 
20 feet. 

8. Variegated sands and sandstones of all degrees of fineness. The 
prevailing color red, varying from bright brick-red to purple, with some 
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whitish, yellowish, &c.; dip 45^ to 55^; thickness two hundred and 
thirty-five feet. 

9. Rather fine grained grayish sandstone. This bed has passed a 
vertical position so that the dip is southwest 75° ; thickness fifty feet. 

10. Variegated sands, light brick-red, dull purple, reddish brown 
and light gray. The dull purplish sands, ten feet thick, are amygdaloidal, 
full of almond-shaped nodules and cavities. 

10. Alternate beds of light yellowish, grayish sandstones, and arena- 
ceous shales, very much variegated. 1st. Sandstones, fifty feet; 2d. 
Variegated arenaceous shaley clays, sixty feet 5 3d. A curious wall of 
sandstone which forms a conspicuous point by turning the current of 
the creek at a right angle and running across, in a nearly vertical posi- 
tion, but having the natural dip northeast ; dip 85o. This curious wall 
will always be noticed by travelers. It passes up gradually into the 
variegated sandy shales or laminated sandstones that form No. 12. 

12. Among these laminated sandstones is a sort of silicious mud 
layer that is filled with the casts of a species of Mytilus^ which leads me 
to suspect them to be j urassic. There is also a layer filled with fragments 
of fossils — a saurian tooth, &c. The beds continue with a reddish tinge 
varying from a greenish brown to a dull purplish tint, with every degree 
of texture. Some of the layers of laminated sandstone are a light ashen 
gray, some of nodular and pebbly sandstone, also with a tendency to 
lamination — 300 feet. 

13. A rather massive gray sandstone, some portions amygdaloidal 
or nodular, some fine grained and some slightly calcareous. Some of it 
is good for building purposes, flagging stones, &c. Two layers of ashen 
gray clay — ^first six feet, second three feet. 

14. Very dull purplish clays, with some harder layers of sandstone, 
thin, of an ashen gray — 30 feet. 

15. Like bed 13, only more laminated, portions massive and fine; 
some layers a rusty yellow, with impressions of woody stems and trunks, 
not jointed but ribbed (!) ; passing into a dull purplish red massive 
sandstone, with a very irregular laminae of deposition, some of it pebbly 
and nodular — ^200 feet to 300 feet. 

16! Eeddish laminated shale, with some greenish or ashen spots, 
some nodules, but slightly variegated with seams of fibrous gypsum fol- 
lowing cleavage — 300 feet. 

17. Yellowish gray, rather fine grained, massive sandstone; por- 
tions of it with a reddish tinge ; cleavage joints shown well — 100 feet. 

18. Eeddish brown shales slightly gypsiferous — 25 feet. 

19. Massive sandstone, like 17 ; dip 75^ to 80° — 100 feet. 

20. Very dull purplish drab, somawhat nodular^ arenaceous clays with 
some hard layers of sandstone, mostly dark brown, and «rery variable 
in texture. This bed belongs to the lower cretaceous, or is a bed of pas- 
sage— 200 to 300 feet. 

21. The sandstone '^ hog-back,'' regarded as lower cretaceous No. 1. 
A very conspicuous formation in this region. A poiHon of No. 1 stands 
quite vertical, while other portions incline from 60° to 80°. It is in part 
a coarse sandstone and fine aggregation of pebbles, passing up into a 
fine grained whitish sandstone, two hundred feet thick, passing to a series 
of alternate thin layers of dark laminated clay and mud sandstones, 
with all sorts of markings, indicative of shallow water, mud flats, &c. 
The dip of some of the layers passes a vertical at the top. 

22. Then come the dark clays of No. 2, slightly arenaceous at first, 
passing up into black shales, then into the blue marly limestone with an 
abundance of Iiioceramus. Some of the layers of blue limestone have 
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passed a vertical position, 30^ to 40°. ISTo line of demarcation can be 
found between} be divisions of tbe cretaceous. They all pass into each 
other imperceptibly. 

The cretaceous beds are well shown, Ko. 2 continuing up into blue marly 
limestone, which maybe regarded as No. 3; this passing up into the dark 
shales of No. 4, which gradually passes up into a rusty yellow clay with 
numerous calcareous concretions with Ostrea^ BacuUtes^ &c. This bed 
contains calcareous sandstones filled with a small Tiirritella and bi- 
valves. The cretaceous rocks of this region are best divided into upper 
and lower cretaceous. These beds become suddenlyhorizontal in the plains, 
but the conformity is complete. The conformity of the entire series of 
the sedimentary beds is more perfect than I have seen it at any other 
locality in the West. Here, for the first time, I notice the two sets of red 
beds mentioned by Dr. Newberry, in his report of the Colorado Kiver. 
They are well defined. The cretaceous beds are well marked. In the 
section, from beds 11 to 19 inclusive, I am inclined to regard as Jurassic; 
the second series of reddish beds, as triassic ; then some reddish per- 
mian (?) sandstones, passing down into the carboniferous. 

Above the springs there is an extensive series of gneissoid rocks, in- 
clining northwest. The changed and unchanged beds do not conform. 
These gneissic rocks vary much in texture and color. The dominant 
constituents are reddish feldspar and quartz, but there are thick beds of 
the banded gneiss. For about two miles up the Gallinas Creek, above 
the springs, these rocks rise up in grand mountain masses, nearly ver- 
tical, and then for ten miles or more we find the limestones, sandstones, 
and shales of the carboniferous, resting in a nearly horizontal position 
over the vertical edges of the gneiss. About four miles above the springs 
I found two distinct species of lepidodendron in sandstone, one of them 
twelve feet long. They leave a cast in the sandstone perfectly round. 
Still further up the creek we see the limestone resting directly on the 
gneiss for half a mile. Usually these beds are so covered by debris 
that they are obscured. As we pass up the creek the carboniferous beds 
come down to the water's edge. Three beds of limestone, from ten to 
thirty feet thick, are exposed on the sides of the hill. 

About eight miles above the springs the valley expands out, and the 
gneissic and basaltic rocks form the lower mountain ridges. At the 
head of the valley there is a very striking basaltic mountain, with nearly 
l)erpendicular sides, which forms a land-mark in this region. 

The hot springs are most beautifully located in the valley of Gallinas 
Creek, just as it emerges from the mountains on the soutJh side. The 
springs are twenty or thirty in number, and some of them are quite 
large. They vary in temperature from 80^ to 140^. The spring from 
which the w^er is taken for the bath is quite hot, at least 140^. The 
supply is very abundant, enough to meet the demand for all time to come. 
There is no deposit about the spring, and the water is as clear as crystal. 
It was analyzed by Mr. Frazer, and found to contain carbonate of soda, 
carbonate of potash, and chloride of sodium, the potash in excess. 

It will be seen at once upon what its medicinal qualities depend. 
Every day in the week all the springs are occupied by women, in washing 
clothes. The water makes most excellent suds, and the ease with which 
the dirt is extracted from the clothes renders these springs great favor- 
ites. There is every facility for the proprietors to establish a place of 
resort for invalids and pleasure-seekers, when there shall be a sufficient 
demand. 

West of the town of Vegas there is an almost vertical wall of creta- 
ceous sandstone, running nearly north and south. Passing south along 
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the east side of this wall about five miles below Vegas, we enter the 
hills through a gorge in this sandstone, called the Puerto cito del Padre. 
West of this we can see the complete series of the sedimentary beds in 
the form of upheaved ridges, rising like steps to the main mountain 
range. Our course to Santa F6 was nearly south, through a very rugged 
country ; the formations thrown up into lofty ridges. In a few mSes 
we came out into open valleys quite broad, and neai'ly all the beds are 
older than the cretaceous, and nearly horizontal in their position, and the 
valleys have been carved out of the Jurassic and triassic beds; the 
very singular castellated hills on the left looking much like mesas, cap- 
ped with sandstone, probably cretaceous in part, showing the red beds 
beneath. Sometimes the entire series of red beds are clearly shown, and 
even the carboniferous limestones are well exposed, but the Gallinas 
section is so complete that I need not repeat it here. On the San Jos6 
Creek and the Rio Pecos are some fine exposures of the triassic rocks, 
showing their peculiar features and their variable texture. The prevail- 
ing color of the upper series of variegated beds is brick red, and that of 
the lower, or supposed triassic, is dull purplish. Close to the village of 
San Jos6 the beds are aU nearly horizontal. The high hills around 
retain their mesa-like form. Nearly all the wr-i^ to Aj^ache Caiion, on 
the crossing of the mountain, the road runs along a valley with a lofty 
ridge or "hog-back" on one (the east) side, which forms a sort of outer 
wall and a conspicuous feature. The upper series of red beds are well 
shown, and a portion of the second series, but the bed of sandstone 
which caps the ridge, I am inclined to regard as a part of the Jurassic 
group. At any rate I have not been accustomed to include these yel- 
lowish-gray, fine-grained sandstones among the cretaceous beds. The 
ridge of sandstone which forms the outer wall at Vegas must still con- 
tinue outside of this ridge. 

In the lower red series are beds of gypsum. I saw gypsum at a num- 
ber of localities on our route. At Vegas, it is used for building purposes. 

I was informed that a coal mine had been found near Tecalote, and 
that the coal had been used for blacksmithing, but I saw no rocks tha* 
could possibly contain coal, on my route, and think that it was a mis- 
take. A copper mine has been wrought with some success near San 
Miguel in the triassic beds. I did not examine it. Near Pecos Creek, all 
the rocks seem to be in contact, from the light-colored sandstones, that cap 
the mesa, to the carboniferous. All the beds dip a little from the main 
range, and this inclination increases as we approach the mountains. 
The width of the belt of upheaved sedimentary rocks, from Vegas to the 
southern point of the mountains north of Gallisteo Creek, must average 
twenty to thirty miles, and the opportunities for studying them, in their 
order of sequence, is excellent. 

At Payaritos Springs station, there is a splendid exhibition of the 
different groups of strata, as we have seen them since leaving Vegas. 
The light-gray sandstones and first and second series of variegated beds 
are all shown in their order for six hundred to eight hundred feet. 

About six miles north of the old Pecos church, there is a bed of com- 
pact reddish limestone, fuU of fossijs, which I am inclined to regard as 
jpermian, containing fossils Myalina, MytiluSj Pleurophorus, and crinoidal 
^ttems. This limestone belongs to the lowest portion of the second series 
of red beds. I would just remark here, that I am inclined to the belief 
that in the mesa, which looks so conspicuous on our left, on the road to 
Santa F6, we have the first series of variegated beds, or Jurassic, including 
Oxe fine-graiped sandstones that cap them ; and the second series, triassic ; 
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•and tliat the remaining sedimentary beds are composed of carboniferous 
and possibly some permian exists in this region. 

The carboniferous fossils are unmistakable, and I think 1 have collected 
some permiau-like forms, and I suspect that my collections will furnish 
the evidence of the age of the upper series of red beds as Jurassic. 
The dip of all these beds is slight, not more than five to eight degrees. 
From the old Pecos church to the Apache Caiion, we pass over the beds 
of the lower red series, mostly consisting of sandstones and fine pudding- 
stones. But in Apache Caiion, we have a good exhibition of the fine- 
grained, light-colored sandstones, which have capped the mesas on our 
left for thirty miles or more. So far as I could determine, this sandstone 
does not belong to the lower cretaceous, but the true cretaceous ridge is 
still further east. The inclination of the strata in Apache Caiion is 
sometimes twenty-five degrees southward. 

As we commence the ascent of the mountains towards Santa F6, the 
surface is covered with a remarkable conglomerate, a paste of sand and 
clay holding fast unworn masses of reddish gi^anite. I think that this 
is a modern formation, and underneath it we find the dull purplish- 
brown sandstones. I did not notice the carboniferous limestones on 
the east side of the range, but do not doubt that they exist high up on 
the mountain sides. From the summits of the mountains we can look far 
southward. All the ridges of upheaval continue southward along the 
flanks of the mountains, and soon run out in the plain, and the moun- 
, tains slope down to the prairie about twenty miles south of Santa F6. 

About thirteen miles before reaching Santa F6, we come to the gneis- 
soid rocks, and they continue nearly to that place. They seem to dip 
with the sedimentary rocks on each side, only at a higher angle. This 
mountain forms a regular anticlinal. On the flanks of the mountains, 
(west side,) there is quite a thick deposit of yellow and light flesh-colored 
marls and sands extending westward toward the head of the Rio Grande, 
and beyond. The mountains themselves seem to be quite peculiar, in 
being composed of an aggregate of cone-like peaks of very variable 
heights. They seem to be entirely composed of gneissoid rocks. 



CHAPTER YI. 

FROM SANTA Ffi TO PLACIERE MOUNTAINS AND RETURN. 

From Santa JFe to the banks of the Gallisteo Creek, eighteen miles, 
we pass over the recent marls and sands which seem to occupy the 
greater portion of the valley of the Rio Grande, above and below Santa 
F6, which I have called Santa ¥6 marls. These are mostly of a light 
cream-color, sometimes rusty yellow, and sometimes yellowish white, 
with layers of sandstones, varying in texture from a- very fine aggregate 
of quartz to a moderately coarse pudding-stone. These marls and sands 
weather into unique forms north of Santa F6, like the " bad lands'' or 
" Mauvais Terres " of Dakota. As we descend the hill into the valley of 
the Gallisteo Creek, we have a wonderful exhibition of the variegated 
sands and sandstones, which at first appear like the upper series of red 
beds on the east side of the mountains, but which I &t once suspected 
were new to me in this region. Descending the Gallisteo, to the west or 
lower end of the CeriUos, we find the full series of the cretaceous beds, 
with Ostrea congesta^ 0. larva^ Inoceramus — several species, and fragments 
of fish remains. Extending east and west along the south side of tiie 
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Oerillos is a high wall-like dike, and dipping southward from this, fronif* 
the Placiere Mountain, is a great thickness of the cretaceous shales IS'o. 
2, passing up into laminated arenaceous shales, with fossils, then the 
dark shales of 'No. 4, apparently. The cretaceous beds incline thirty 
degrees to fifty degrees. Inclining at a less angle, a series of coal strata 
reveal their upturned edges, conforming perfectly to the cretaceous beds. 
Passing up the Gallisteo, eastw^ird, we observed the variegated sands 
and sandstones, rising above the coal strata, and conc/calipg them on the 
northeast and east flanks of the Placiere Mountain, inclining at all angles 
from five degrees to fifty degrees. These sandstones are of varied text- 
ure, from a fine aggregate of quartz particles to a rather coarse pudding- 
stone. In some of the beds there are irregular layers, of a dull, rusty 
brown, concretionary arenaceous limestone, in which I searched in vain 
for fossils. One of the most peculiar features of these beds, and one 
which I have never seen in any group before, is the great variety of 
colors, from a light reddish tint to a deep brick red, sometimes dull pur- 
plish light, and verj" deep yellow, white, brown, drab, &c. The only 
fossils I could find were enormous silicified trunks of trees. One of them 
was so perfect that it looked much like a recent one, with a cavity run- 
ning through it ten inches in diameter. I have named these beds the 
Gallisteo sand group, as they are confined, so far as I know at 
present, to the valley of the Gallisteo, although they pass under the 
Santa Fe marls, and the northern limit is concealed from view. Near 
the road is a small dike, apparently thrust up between beds of sand- 
stone, and inclining with them. East of the Oerillos, up the Gallisteo, 
among the upper beds of that group, are several larger dikes, and the 
basaltic rocks are poured over the recent tertiary beds. One of the 
dikes can be seen a long distance, looking like a ridge of upheaval, ex- 
tending a little north of east, far across the plain towards the south end 
of the Santa F6 Mountains. The Oerillos are merely a dike, or a series 
of dikes, forming a small independent range of mountains coniposed 
entirely of eruptive rocks. On the south and west side, the cretaceous 
beds flank them closely, while on the east and northeast side the Santa 
F6 marls jut up against them. Occasionally, on the east side, a little 
stream will cut through the marls, revealing the sandstones of the Gal- 
listeo group. 

The outcroppings of coal on the northwest side of the Placiere Moun- 
tains are of great interest. They were first exposed in the center of the 
little branches that run into the Gallisteo. The first one is about five 
miles south of the Gallisteo. The coal is in the natural condition. The 
following section of the strata was taken ascending: 

1. Laminated clay, with thin seams of sand passing up into carbona- 
ceous clay, as a floor for coal. 

2. Coal very compact. The cleavage lines are, in a ew instances, 
filled with clay — 5 to G feet. 

3. Drab clay, indurated, 15 to 20 feet, 

4. Ferruginous sandstone, passing up into a light grayish sand- 
stone — ^30 to 50 feet. 

The lower part of this bed is full of deciduous leaves. The debris is 
so great that the real character of the beds is somewhat obscured. The 
impressions of leaves, appear to belong to the genera Magnolia, Fla- 
tanm, SaliXj and others, some of which appear to be identical with 
those found at the Eaton Mountains. Imperfect specimens ot a palm 
were found. The mine is opened on each side of the dry creek, and the 
dip is the «!ame — about ten degrees. As in all the rocks of the country, 
there are in the coal two sets of cleavage lines, at right angles to tue 
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stratification. In the valley of another branch of the Gallisteo, there is 
a dike two feet wide with the strike a little east of south. The clays on 
each side are metamorphosed into slates. 

At ancther locality there is a bed of coal, which has been changed by 
an enormous dike into anthraeite. Section 1st, clay-slate ; 2d, two and a 
half to three feet anthracite ; 3d, fourteen to eighteen inches of clay ; 4th, 
fourteen inches to two feet of anthracite 5 5th, clay shale, passing up into 
alternate layers of sandstone and clay, ten feet 5 6th, dark sandstone. 
The dip of all the beds is fourteen degrees east. They are overlaid by 
a thick bed of columnar basalt. The dike that covers the coal bed 
trends about north and south, or a little east of south. 

The influences of the CeriUos on the north side of the Gallisteo, and the 
Placiere Mountains on the south, lias produced a beautiful synclinal, 
while the Cerillos form a sort of imperfect quaquaversal. The beds 
dip from two sides of this small range at least, and the indications in 
the channels of the little streams are, that the sandstones of the Gallisteo 
group dij) from a third side, but are now mostly concealed. We have, 
therefore, in the valley of the Eio Grande, if my investigations are cor- 
rect, three groups of tertiary beds of different ages. 1st. The coal strata, 
with abundant impressions of deciduous leaves, lying above well-marked 
cretaceous beds. 2d. The Gallisteo sand group, which plainly overlies 
the coal strata, but inclines equally with and conforms to them. 3d. The 
Santa ¥6 marls, which are of much later date than either of the other 
two, and rest unconformably upon the Gallisteo group, and never inchne 
more than five or ten degrees. 

Although the coal beds lie high up on the sides of the JPlaciere Mount- 
ains, I am inclined to the belief that some portions of the cretaceous 
strata, and i)0S8ibly even older rocks, are revealed on the sides of the 
gneissic nucleus. This mountain seems to be penetrated with dikes, 
which have given a dark somber hue to all the rocks. 

The mountain itself is very rich in minerals, as gold and iron ore. 
The Ortiz mine is the most celebrated, although a number of lodes have 
been opened. Colonel Anderson, formerly of the United States Army, 
is superintendent of the mining interests of this region, and he has 
already erected a forty-stamp mill, the most substantial one I have seen 
in the West. The Ortiz lode is a very irregular one. It expands some- 
times twelve feet or more, and then nearly closes up. It has yielded 
very rich ore at times; mingled with this ore are fluorspar, calcspar, 
crystallized quartz, blue and green carbonates of copper, a little native 
copper, and the sulphurets of iron and copper — the latter predominates 
in the ore. 

The Brehm lode has a strike about noitheast and southwest, and by it 
I suspect the dip of the gneissic rocks, on the north side of the mount- 
ains, to be about northwest. The width of the lode is about three feet, 
the inclination of the vein southeast forty -five degrees. 

The Placiere Mountain seems to be rich in gold, but the want of water 
may prevent the mines from being wrought with great profit. The sur- 
face of the country is literally covered with placer diggings, where the 
drift gold has been taken out by the Mexicans in old times by melting 
snow. Magnetic iron ore seems to be abundant, and in the clays con- 
nected with the coal beds there is the largest supply of excellent browTi 
Iron ore, so that the time is not far distant when iron works of great 
value may be erected in this region. 
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CHAPTEE VII. 

FROM SANTA Ffi TO TAOS. 

On the western flank of the Santa F6 Mountains, near Santa F^, T 
found the foot-hills, which are exposed by the wearing away of the marls, 
to be composed of carboniferous beds. These beds of limestone rest 
directly on the granite, and are associated with gray and reddish shales 
and some beds of sandstone, the whole dipping west at an angle of 
thirty-five to forty-five degrees. The limestones were charged with fossils, 
as many and as well preserved as I have seen them at any locality east 
or west. In maay places these beds of limestone are carried high up 
on the granite hiils; sometimes dipping toward the mountains as if «a 
portion of an anticlinal. The metamorphic rocks are gneissoid at first 
on the flanks, but gradually become massive granites toward the main 
axis of the range. In a small creek, which leads down from the mount- 
ains, I saw immense masses of granite breccia, mostly angular fragments 
of gneiss or red feldspar, with some rounded masses cemented with a 
granite paste. The limestones about Santa Fe are converted into excel- 
lent lime. The foundations of the jail and court-house are made of it. 
The fossils are very numerous, both in individuals and species. Dr. 
Newberry has given a list of them. I found several species of Pro- 
ductuSj Sprifera subtilita, and many others. These limestones do not 
seem to extend far along the sides of the mountains. From Santa F6 to 
Embudo Creek, and mostly even to Taos, the Santa Fe marls cover the 
country. On the east side of the liio Grande I did not observe a single 
dike, from the Cerillos to the mouth of the Chama Creek. North of that 
the melted material has been poured over the marl so as to form broad 
mesas. On the west side there are numerous outbursts of igneous mat- 
ter. These Santa ¥6 marls reach a great thickness north of Santa Fd, 
m the Eio Grande Valley, from one thousand two hundred to one thou- 
sand five hundred feet, and have a tendency to weather into similar mon 
umental and castellated forms, as in the "Bad Lands.'' The upper por- 
tions are yellow and cream colored sandstones, sands, and marls. Lower 
down are some gray coarse sand beds with layers of sandstone. All these 
marls dip from the range westward three to five degrees. The Eio Grande 
wears its way through these marls with a bottom about two miles wide. 
On the west side are distinct terraces with the summits planed off smoothly 
like mesas. The first one is eighty feet above the liver; the second one, 
two hundred feet. These marls extend all the way between the margins 
of the Santa F6 Mountains on the east side and the Jemez Range on 
the west. Most of the Chama Hills, and I think the entire hills, are 
composed of it. At the junction of the Chama Creek with the Eio 
Grande, a point comes down between the two rivers which is covered 
with basalt. This continues into the San Luis Valley nearly to Fort 
Garland. Near the mountains the hills are covered extensively with drift, 
and sometimes they are composed largely of boulders and marl or 
sand. The country is full of the dry beds of creeks or arroyaSj as 
they are called. All these carve their valleys out of these marl beds. 
As we go northward near the mountains, the rounded boulders become 
more and more numerous, but near the Rio Grande, where they have 
all disappeared, the source of this great thickness of sediment is apparent. 

The Ojo Sarca Creek rises in the Sante ¥6 Mountains and flows into 
the Rio Grande, forming a valley which is remarkable for its ruggedness. 
The marl beds are nearly horizontal and the harder layers of sand pro- 
ject out of the sides of the bluff hills like steps for four hundred to six 
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hundred feet in height. I know of no fln^r exhibition of these marls in 
their thickness, or their architectural style of weathering. On the 
north side of the creek, the granites project up through the marls. 

The. moun^,ains near the source of the Rio Trampas are very lofty, 
with some high peaks which are rounded with dome-like tops, one of 
which is called " Old Baldy " from its bare summit. Where the foot- hills are 
denuded of the drift or the marl, the red granites are exposed. Along the 
base of the mountains, especially in the valley of the Peiiasco there is a 
great thickness of very coarse conglomerate resting upon the granite 
horizontally. It undoubtedly is of the same age as the marl beds. In 
the valley of the Peflasco ther.e is a vast quantity of worn boulders, scat- 
tered everywhere, similar to the valley of Boulder Creek in Colorado. 
These worn rocks are of large size next to the mountain, but diminish 
the further they recede to the westward. 

The valley of the Rio Grande is already settled by Mexicans wherever 
there is an available spot. Nearly all the land that can be irrigated is 
cultivated by them, and good crops are raised even with their rude style 
of cultivation. 



CHAPTER VIII. 
FROM TAOS TO FORT GARLAND. 

The valley in which Taos is situated may be said to be formed by a 
notch or bend in the mountain range. On the southwest ia the Pickaris 
Range, with a strike nearly northeast and southwest. The next range 
east of this trends about north and south, and branching off from this, 
north of the Taos Valley, are the Pueblo Mountains, Dos Mountains, and 
the Rio Colorado Mountains, all with a strike nearly northwest and 
southeast. The course of the Rio Grande is nearly south, and on each 
side of Taos the small ranges of mountains run out near the river. The 
notch or bow in this group of mountain ranges affords a fine illustration 
of the method of flexure in the mountain ranges. 

The Taos Valley is about eighteen miles in extent, from east to west, 
and about sixteen miles from north to south. It is thickly settled by 
Mexicans, and every available spot of ground is taken up. 

The valley proper is scooped out of the Santa F^ marls, which must 
at one time have prevailed extensively, as in the country north of Santa 
r^,but the surface has been smoothed oft*, so that nowhere are the marls 
conspicuous ; still they can be seen all along the base of the mountains 
bordering the valley where portions of the recent deposits lie high on 
the mountain side. 'No sedimentary rocks of older date are seen, and 
the Santa Fe maris rest directly on the metamorphic rocks. 

It is plain that the regular metamorphic rocks prevail in these mountain 
ranges, but mingling with them in various localites are igneous out- 
bursts, which have somewhat tinged the gneissoid rocks. A little south 
of Taos River we find beds of beautiful porphyritic breccia, which is 
very compact, and is employed for building purposes. Westward, 
toward the Rio Grande, it is probable that the broad level plain is 
underlaid with a sheet of basalt, for the Rio Grande itself runs through 
a very deep caiion of this material for sixty-five miles, fi'om La Joya to 
the crossing of the road to Conijos in the San Luis Park. In all this 
distance there is but one crossing for teams, and three othera for persons 
on foot, anti there the passage is made with great difficulty. Far dis- 
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tant, to the west of the Eio Grande, are numerous isolated mountains 
showing the igneous protrusions. 

Taos Valley, therefore, forms a sort of half circle, and the mountains 
which surround it, of which there appear to be ten or twelve distinct 
ranges, are expansions of the main range. It is near this expansion 
that the Moreno mines are situated, which have already proved unusu- 
ally rich, and will probably continue to yield large returns of gold for 
many years to come. 

On the sides of the mountains immediately opposite the Morena Val- 
ley, tiorth of Taos, are located the mines of the Arroyo Hondo Mining and 
Ditching Company, of which Mr. Lucian Stewart, of Taos, is the superin- 
tendent. Mr. Stewart has already erected a twenty-stamp mill on the 
Ban Antonio Creek, and the supply of water is so great that if the mines 
turn out to be rich in gold, the enterprise will prove a complete success. 

About twenty lodes have been prospected with more or less encour- 
agement, and some of them look well. In most instances the country 
rock has a greenish ashen tinge, doubtless due to the influence of heat 
from the igneous rocks. The lodes are not very well defined ; one lode 
has a strike a little west of north. It contains carbonate of copi^er, sul- 
phurets of copper and iron. It was first prospected for silver, but turned 
out to be richer in gold. The cleavage walls are lined with sulphate of 
lime. The gangue rock is mostly feldspar and quartz highly ferruginous. 

The main lode of the company is situated about half way up the south 
side of the mountain. Dip of vein, thirty-five degrees, strike nearly 
east and west, inclining about south. The country rock is mostly 
quartz, quite hard, while the seam, which is pretty well defined, is rotten 
quartz. It is eight to twelve inches wide, and is called the " pay streak," 
although the neighboring rock pays well. There may be a very wide crev- 
ice here of which the walls have not been discovered. The cleavage lines 
are well shown, and are of two kinds, one set dipping south thirty-five 
degrees parallel with the ore streak, and the other inclining north twenty 
degrees. The principal lines of cleavage contain the rich ore. The 
dip of the country rock is plainly south or southeast at a very high 
angle. A tunnel has been excavated into the side of the mountain five 
feet in diameter, and one hundred and eighty feet deep, two hundred 
feet below discovery point. 

All along the sides of the mountains are quite thick deposits of recent 
material, as clays, sands, and marls, and at one locality, while digging a 
ditch, Mr. Stewart discovered a thick bed of aluminous clay which con- 
tained much gold, but it was found to be so difficult to extract it that 
the placer was abandoned. The sides of the mountains everywhere are 
covered with "diggings," where the Mexicans in former times washed 
the loose drift with water, obtained by melting the snows. 

These mountains are composed largely of gray granite, and the reddish 
feldspar is not much seen. Each one of these ranges seems to afford a 
good example of an anticlinal axis, the sides being shown by the shajye of 
their slopes, which are very seldom symmetrical, one side of the anti- 
clinal being much more prominent than the other. 

From Taos to Rio Colorado the foot-hills of the mountains are covered 
with piiioriy with a few larger pines which would make excellent timber. 
Indeed, I am inclined to the opinion that the basaltic mesas are the 
natural habitats of the pimn^ which is a low scrubby tree, fit only for 
fuel, while the larger species of pine and spruce are found growing on 
the metamorphic rocks. 

As we approach the Eio Colorado the outbursts of ba&altic material 
increase. The Eio Grande and its branches, before they join the larger 
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stream, show vast canons with nearly perpendicular sides, and the pecu- 
liar dark somber color of the rocks a^lds to the gloomy picturesquencss 
of the scenery. On each side of the valleys of the little streams as they 
issue from the mountains are high terraces one hundred to one hundred 
and fifty feet high, which are here more conspicuous than usual. These 
are composed of the Santa Y6 marls and are not unfrequently covered 
with a thick bed of basalt. 

The broad intermediate space between the range of mountains which 
form the east side of the valley of the Kio Grande and the Sierra Madre 
— a main range of the Rocky Mountains, which gives origin to the waters 
of the P«icific streams — is covered with rounded hills, detached ranges, 
&c., all of wliich are basaltic. The two rounded hills, which are very 
marked, situated nearly opposite each other on different sides of the Rio 
Grande, Cerro de las Utas and Cerro San Antonio, are, it seems to me, 
old craters or fissures, out of which issued the melted material which 
ovei-flowed the sides, and time has weathered the whole mass into its 
present beautiful rounded form. At this time they look like gigantic 
mammae. 

I am inclined to regard the valley of the Rio Grande as one great 
crater, including within its rim a vast number of smaller craters and 
dikes, out of which has been poured at some time a continuous sheet or 
mass of melted material. All the valleys, small and great, give evidence 
that they have been worn out of this vast mesa. The Rio Grande, from its 
source in the San Juan Mountains to Albuquerque, flows along its banks 
through basaltic rocks to a greater or less extent, and as we go north- 
ward from it they disappear in part. 

By glancing at a map it will be seen at once that the valley of the Rio 
Grande belongs to the eastern side or Atlantic slope of the " great divide," 
and that the ranges of mountains, on the east side of the valley of the 
Rio Grande, which run out into the i)lains near Santa F6, are a series 
of fragments which seem to have broken off from the main rocky range 
north of the South Park, and are prolonged southward in a more or less 
broken condition for over four hundred miles. It will also be seen from 
the mai) that the parting line or divide flexes over to the west, with a 
great bend above Middle and South Parks. Now between the base 
of this mountain prolongation on the east, and the Sierra Madre or 
western divide on the west, from the head of the San Luis Valley to 
Gallisteo Creek, at least, an area of over two hundred miles from north to 
south, and one hundred to one hundred and fitty miles from east to west, is 
occupied mostly by but two classes of rocks, the basaltic and the mod- 
ern tertiary or Santa F6 marls. These recent marls are very conspicuous 
about Santa Fe and north of that point to the Pickaris Mountains, but 
north of that point they are not largely developed, though at one time 
they must have reached a great thickness, but have been removed by 
erosion. The valley of the Rio Grande, from Santa F6 to Taos, has the 
appearance of an immature region, much like that of the " Bad Lands,'' 
or the tertiary deposits of White and Mobrara rivers on the Missouri. 
But above and north of Taos the wearing and smoothing process has been 
applied so that there is a mature appearance of the countiy, like that of 
Eastern Nebraska or Kansas. Still all along the foot of the mountains 
below Costilla, underneath the mesa which extends from below Costilla 
to the Sierra Blanca Range, fifty miles, these marls can be seen in places. 
At Culebra, the Rio Culebra cuts through the mesa, forming a sort of 
gorge nearly half a mile in width. On the sides of the mesa these marls 
are most clearly seen underneath a he-avy bed of basalt. Along the little 
branches of the RioTrenchara^ as the Rio de las Utas and the Sangre de 
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Christo and on the south side of the Sierra Blanca Eange, are prominent 
terrace-like hills which are composed of yellowish-brown marls and sands. 
On the south side of the Sierra Blanca, they jut up high and close on the 
mountain slope. These marls are only remnants of large deposits which 
once existed here, and spread out uniformly all over the valley. 

That there are mines of gold and other precious metals, as well as iron 
and copper, in the mountains, along the eastern side of the San Luis 
Valley, has long been known. Specimens of copper, indicating mines 
of considerable richness, have been brought from the sources of the Cos- 
tilla and iron ores are scattered all over the valley of the Eio de las Utas. In 
the foot-hills of the mountains are fragments of magnetic iron ore, much 
like that in the valley of the Chugwater Creek. Stray masses have been 
traced up the mountain sides for about five miles, where a "blow-out" or 
an immense mountain mass has been discovered. This iron occurs in the 
gneissoid rocks, or what is called the Laurentian group, to which group, 
I believe, all the gneissic and perhaps the entire mass of metamorphic 
rocks of the Rocky Mountain system belong. I have assumed the posi- 
tion, in all my investigations, that there are but two classes of changed 
rocks in the West, viz, igneous and metamorphic, and that the oldest 
granites which form the nuclei of the loftiest mountain ranges were once 
aqueous rocks, deposited in the same manner as the limestones or sand- 
stones of our most modem formations. It is on this ground that I have 
so often used the terms "changed'' and "unchanged" rocks. By igneous 
rocks, I always mean those only that 1 regard as having once been in a 
fluid state, and may or may not have been protruded so as to reach the 
surface. I also assume that these igneous rocks in the West may have 
been thrust up at different geological periods, or at different times during 
the same epoch. 

The gold mines near the Sangre de Christo Pass are the most import- 
ant that have been discovered in the San Luis Yalley. From some 
notes kindly furnished me by Dr. McClellan, United States Army, sur- 
geon of the post at Fort Garland, the history of these mines appears to 
be as follows: 

During the gold excitement in the San Juan Mountains, west of the 
Eio Grande del Norte, in 1862, a large number of miners, or, as they 
were called in those days, "pilgrims," crossed the Sangre de Christo 
Pass, and camped for rest after a long journey from Idaho, Montana, and 
Northern Colorado, on Placiere Creek, one of the main tributaries of 
the Eio del Sangre de Christo. Learning from some passing Mexicans, 
that in the olden time their people were iiccustomed to pack dirt from 
some of the canons of the mountains to the Placiere Creek, to wash out 
the gold, they went to work and prospected the gulch of the Grayback 
Creek. The San Juan excitement was, however, so strong that they 
started to continue their journey the winter of the same year, many of 
whom returned in a starving condition, and went to work in this gulch 
with good results. 

In 1865 and 1866, Kit Carson with a party prospected this region for 
placer diggings, and took up many valuable claims. The gold taken 
out by sluicing is very valuable and of a pure yellow color, and is what 
is called "wire and scale" gold. It usually sells for about $19 per ounce 
in gold, much more than the Morena gold or any other in this country. 
A valuable lode with a well-defined crevice has been uncovered, but 
little or no work has been done on it. In the mountains at the sources 
of the Eio Seco, on the west side of Culebra Peak, some lodes have been 
found which appear favorable. Most of the foot-hills are covered with 
beds of yellow marl inclining slightly. These foot-hills seem to be 
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smoothed off and are covered with a thick deposit of debris. In the 
little valleys of the moiiutains the gneissic rocks are exposed, and about 
twenty lodes have been examined to some extent; the crevice matter on 
the surface is entirely rotten quartz. Tliese lodes have in most cases 
well-defined walls, varying from three to six feet in width, and a strike 
about northeast and southwest. Should these mines turn out to be rich 
in gold, the ease with which they can be worked will render them very 
celebrated. 

From a point not more than twenty miles north of Santa F6, to the 
Sangre de Christo Pass, I was unable to discover any of the older sedi- 
mentary beds on the Western side of the mountains. Sometimes among 
the drift boulders, which were very extensive everywhere, a few masses 
of limestone would be found which were evidently carboniferous. In 
Taos Valley slightly worn masses of limestone were tbund, with well- 
defined carboniferous fossils. This would seem to indicate that these 
rocks once existed all along the mountains, even if they cannot be found 
at this time. I have no doubt that all the sedimentary formations wliich 
are found on the eastern margins of the mountains once extended unin- 
terruptedly across the Rio Grande Valley, and some portions may now 
exist deep beneath the basalt and Santa F6 marls. 

Near the Rio Colorado, the lower ridges or foot-hills of the mountains 
exhibit the influence of the igneous rocks to a greater extent than south- 
ward, and continue to do so to the Sierra Blanca. Near the point from 
which the Rio Colorado emerges from the mountains, the rocks are a 
bright brick-red over a small area, and I mistook them for remnants of 
the triassic. A closer examination showed me that high up on the sides 
of the mountains a great thickness of the recent marls, sands, and clays, 
have been so changed by contact with the igneous rocks, that they now 
present that peculiar brick-red and variegated appearance which is 
noticed for several miles. 

At Costilla the main range seems to bend abruptly to the eastward, 
and a portion of the lower ridges on the western sides of the mountains 
south of Costilla passes off without interruption in a long basaltic mesa, 
which extends nearly to Fort Garland. East of this mesa are the " ve- 
gas" or meadows, wliich have been carved out of the mesd. between it 
and the foot of the mountains and form a portion of the valleys of the 
Costilla and Culebra Rivers. North of Culebra the basaltic mesas com- 
mence again close to the base of the mountains, and continue quite 
largely developed up to the Sierra Blanca Range. These mesas are 
capped with a heavy bed of basalt, which always seems to incline eastward 
toward the mountains at least from three to five degrees, and some- 
times much more. 

On the east side, close to the Rio Grande, near the entrances of the 
Trenchera and Culebra Rivers, are a great number of ridges and coni- 
cal peaks or hills, called " Cerillos," all of them basaltic. On the oppo- 
site side of the Rio Grande these basaltic hills are very abundant, and 
occupy most of the country. Just north of the Trenchera this range of 
mountains seems to bend abruptly buck to the westward in the form of 
the Sierra Blanca Mountains, which have a trend nearly east and west. 
There is therefore a quadrangular space inclosed on three sides by 
mountains — the Costilla on the south side, about fifteen or twenty miles ; 
the principal range on the east, about sixty mikis, and the Sierra Blanca 
on the north, about fifteen or twenty miles. The main range continues 
northward, bending slightly westward, until it joins the Sierra Madre at 
the Poncho Pass. The Sierra Blanca is the grandest and most pictur- 
esque range in Southern Colorado. It is apparently basaltic and is, as I 
eupposoy a gigautw dike. I regard the Spanish Peaks as an enormous 
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dike. In nearly all cases the strike of the axes of these dikes is nearly 
northeast and southwest, while for the most part the axes of the granitic 
ranges trend about northwest and southeast. It is my opinion also 
that the elevation of the basaltic range was an event subsequent to 
that of the granitic, for in all cases that I have ever examined the igne- 
ous rocks are poured out over the granites, and in some cases conceal- 
ing them entirely over large areas. Many of the loftiest peaks in the 
granitic ranges are basaltic. The basaltic axis never passes through 
the granitic, as is shown by the Spanish peaks on the east, and the 
Sierra Blanca on the west. Each one stops abruptly as it comes up 
against the principal granitic axis. 

As I have before observed, no unchanged sedimentary rocks of older 
date than the Santa F6 marls were noticed along the western side of 
the main range north of Taos, until we come to the Sangre de Christo 
Pass. About the sources of the Costilla or Culebra Rivers there may be 
some remnants, but none have been seen after a pretty close examina- 
tion. At the very summit of the pass is a series of reddish sandstones 
and shales nearly vertical but inclining westward. From the summit of 
the pass we descend the beautiful valley of the Sangre de Christo 
Creek in a southwesterly direction. The sandstone extends for four or five 
miles, and is of every variety of texture, from a very fine compact sili- 
cious rock to a moderately coarse pudding-stone. In some of these 
sandstones are indistinct vegetable impressions, some of which can be 
recognized as fra gments of Calamites . Further down we come to a series 
of limestones and sandstones, with some calcareous sandstones, having 
thin beds or partings of shale. These alternate limestones and sand- 
stones extend for about five miles, and then comes a belt of five miles 
of gneissoid granites. Near the junction of the limestones with the 
granites there is a bed of limestone filled with fossils, Productus^ several 
species, Spirifer subtilita^ Rhynconellarockymontana^ Spirifer Uneattts, and 
numerous corals and crinoidal stems. Although it is possible that there 
are here rocks of older date than carboniferous, yet fipom the fact that 
all along the eastern side of the mountains the carboniferous limestones 
have been found resting upon the granites, I have inferred that there 
are no sedimentary rocks of older date in this region. At first the Sangre 
de Christo Creek passes through a monoclinal rift for nearly ten miles, 
then it cuts through ridges of limestone, bed after bed. The real dip of 
all these beds is northeast while the apparent dip is southwest, as if 
the granites were more modem than the limestones which are above them. 
The belt of granites is about five miles wide, and thence to Fort Garland, 
which is ten miles, are igneous rocks. Eight miles east of Fort Garland 
are some high ridges of basalt that dip east about eight degrees, and 
have a trend north and south, and from the abrupt western face from 
four to six distinct beds of igneous rocks can be seen. The cause of 
the inclination of the basaltic beds is not clear, though it may have 
originated in the Sierra Blanca. We were much indebted for many 
favors and information to Dr. E. JVIcClelland, surgeon, and to Colonel 
Hart, commander of Fort Garland. 



CHAPTEE IX. 

FROM FORT GARLAND TO SOUTH PARK. 

The Eio Grande del Norte Eiver rises in the Park of the Animas, flows 
east about one hundred and fifty miles to the San Luis Valley, then bends 
abruptly south through the middle of the San Luis V^<^^ * T^^^^^-^^i^- 
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ern portion of the valley is called the San Luis Park proper. This 
northern portion, above the bow of the Eio Grande, is about sixty miles 
in length, and has an average width of fifteen to twenty miles. About 
the center of this park is a singular depression, about ten miles wide 
and thirty miles long ; it looks like one vast thicket of " grease wood," 
SarcobatmvermiculariSj and other chenopiaceous shrubs. Into it flow some 
twelve or fifteen good sized streams, and yet there is no known outlet, 
neither is there any large body of water visible. It seems to be one vast 
swamp or bog, with a few small lakes, one of which is said to be three 
miles in length. Although entirely disconnected from any other water 
system the little streams are full of trout. 

On the south side of the Sierra Blanca the foot-hills are composed of 
the light-colored marls, and on the west side of the 'mountain, and near 
Mosca Pass, are the sand hills, which are composed of the loose materials 
of this formation. 

Here also is another conspicuous remnant of it left after erosion. On 
the west side, just below Sawatch Creek, and in the Eincon, are 
some rather high hills of this marl at the base of the mountains. The 
materials thrown out of the excavations of prairie dogs show that the 
valley is entirely underlaid with it. I am convinced therefore that this 
fresh-water deposit occupied the whole of this valley from Poncho 
Pass to the mouth of Gallisteo Creek, and how much further southward 
I cannot tell, but there is evidence that it extends, either continuously 
or with interruptions, through New Mexico, and even further. 

From Fort Garland to the Poncho Pass no sedimentary rocks of older 
date than the marls are seen along the margins of the mountains on 
either side until we reach Kerber's ranche, at out ten miles below the 
summit of the pass. On the west side of the valley, on the foot-hills, 
is a large thickness of carboniferous limestones, lifted high on the summits, 
and dipping east at an angle of fifty degrees. This limestone continues 
only a few miles, and is another of the remnants that are left of the sedi- 
mentary rocks among the mountains. 

Commencing at Fort Garland, the range of mountains that wall in the 
San Luis Park on the east side is grand in its proportions. From the 
Sierra Blanca nearly to the Poncho Pass it appears to be purely eruptive, 
and to be composed of a series of ranges or axes trending nearly northeast 
and southwest. At the northern end the eruptive portion ceases, and 
the lower metamorphic mountains flex around so as to trend northwest 
and southeast. On the west side, the mountains are far less lofty, but 
they seem to form a nucleus of metamorphic rocks, with avast number of 
dikes, from which the basalt has poured over nearly the entire region. 
All the foot-hills south of the Sawatch are composed of eruptive rocks, 
but north of that point the gneissic rocks are seen. This range of moun- 
tains seems to be made up of a number of smaller ranges, with a general 
trend northwest and southeast. It would seem that where a range of 
mountains is purely eruptive the minor ranges trend northeast and south- 
west, but that where there is a metamorphic nucleus the eruptive mate- 
rials follow the strike of the minor ranges. 

At the summit of the pass the hills are grass-covered and the road 
excellent, but the nucleus of the mountains on the east side is meta- 
morphic, with dikes of eruptive rocks everywhere. The little stream, the 
valley of which we descend, flows througid a monoclinal rift or interval 
between the ridges of metamorphic rocks. 

About two miles from the summit this little branch is joined by the 
main fork, and the whole continues to flow through a monoclinal valley 
until it empties into the South Arkansas. The main Poncho Creek rises 
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in one of the loftiest peaks in Colorado. This peak has a large depres- 
sion on the east side, which may once have formed a portion of the crater. 
At the junction of the forks commences one of the most remarkable 
examples of what appear to be igneous rocks I have ever seen in the 
West. ' On the east side of the creek we have the steep slopes, and on 
the west the projecting edges. We have here eight hundred to one 
thousand feet of eruptive rocks with a somber hue, but with a stratifi- 
cation as perfect as in any sedimentary rocks. It is composed of layers 
never over one to four inches in thickness, inclining south of west forty- 
five degrees. Some of the layers would make good flagging stones. 

A little further down we come to the gneissic rocks, inclining north- 
west fifty to sixty degrees. Some of the black4)anded gneiss has zig- 
zag seams of feldspar and quartz running through them. 

About three miles before reaching the Arkansas there is a curious junc- 
tion of the massive red feldspathic granites, inclining northeast seventy 
degrees, with the dark-banded gneiss, inclining northwest twenty-five 
degrees. At the point of synclinal junction all is confusion 5 the two 
kinds 6f rocks are crushed together, and yet there is no break in the 
mountain. As we emerge from the pass to the South Arkansas we have 
the finest exhibition of banded gneiss I have seen in the West. The 
rocks are of various colors, red, yellow^ white, and black, and the layers 
are quite thin, and their appearance is very picturesque. The general 
course of the Poncho Creek, from its source in the snow peak to the 
Arkansas, is north. 

The gneiss is very varied in its texture ; some of it contains garnets ; 
some of it is very close feldspathic, micaceous, or whitish quartzose. 

On the east side of Poncho Creek, • about one hundred and fifty 
feet above the Arkansas, on the side of the mountain, is a hot spring- 
surrounded with a large tufaceous deposit. There is also near the foot 
of the pass, on the side of the mountain, an extensive deposit of the 
yellowish marl, filled with water- worn boulders. 

Between the South and North Arkansas there are some remarkable 
terraces or benches extending the whole breadth of the valley from moun- 
tain to mountain. On the north side of the South Arkansas are three 
terraces, beside the rounded hills near the base of the mountains, which 
rise in succession like steps. 

The high eruptive range which seems to cross the South Arkansas, 
and to pass up along the west side of the North Arkansas, appears to be 
composed of a series of enormous dikes in a chain merging into each 
other, and having a strike about northe^ast and southwest. The general 
trend of the aggregate is about north and south. 

On the west side of the Arkansas Yalley the recent tertiary beds run 
up to and overlap the margins of the mountains. They are composed 
mostly of fine sands, arenaceous clays, and pudding-stones, cream-col- 
ored arenaceous clays, and rusty yellow marls, finfe sand predominating. 
These beds weather into peculiar architectural forms, somewhat like the 
" Bad Lands" of Dakota. Indeed they are very nearly the same as the 
Santa F6 marls, and were doubtless cotemporaneous, and dip at the 
same angle, three to five degrees, a little west of north. The tops of 
the hills have all been planed down as if smoothed with a roller. I have 
called this group the Arkansas marls. They occupy the entire valley of 
the Arkansas. This valley is about forty miles in length, and on an 
average about five to ten miles in wi(ith. It might properly be called a 
park, for it is completely surrounded by mountains. On the west side 
is one of the grandest ranges of eruptive mountains on the continent. 
On the east side is also a lofty range with a metamorphic nucleus, but 

12 H 
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intersected everywhere with basaltic dikes. The first and lowest range 
runs parallel with it, and is sometimes cut through by it. It seems to 
be composed of massive feldspathic granite of igneous origin. 

Near the mill, on a little branch just below the mouth of Trout Creek, 
there is a high rounded peak with a crater-formed depression at the 
summit which is grassed over, while all around the rim there is a Mnge 
of pines. I am inclined to think it is an old volcano. 

At the point where Chalk Creek emerges from the eruptive range, the 
sides of the canon present a singular white chalky appearance. This 
seems to be due to the decomposition of the eruptive rocks, which ap- 
pear to be true dolerite. 

The drift evidences in this valley are very conspicuous. All along 
the Arkansas and in the valleys of the little branches are very thick 
beds of water- worn boulders of all sizes. The last of the eroding forces 
seems to have come from th^ range of mountains on the west side. 

The granite on the east side of the river possesses, in a wonderfhl de- 
gree, the tendency to disintegrate by exfoliation. There is a kind of 
bedding which breaks the exfoliation or confines it. In these massive 
granites there are two sorts of cleavage besides the lines of bedding; one 
of these is usually vertical and has a strike northeast and southwest, 
and the other southeast and northwest, inclining twenty to forty degrees. 

On the summit of the mountains is a series of beds, one above the 
other, of what appears to be basalt, and these beds with the granites 
beneath them incline each way from Trout Creek Yalley northeast and 
southwest, forming what appears to be an anticlinal. 

As we ascend Trout Creek Pass, we find granites of all textures from 
very fine compact feldspathic tO a coarse aggregate of crystals. There 
are also many intrusions of trap. All the rocks seem to weather in 
the same way, by exfoliation, as if it were the desire of nature to round 
ofl" all sharp points or corners. I think it may be said that Trout Creek 
Valley is a true anticlinal. 

Some time before reaching the top of the pass, we find on the sides of 
the valley low foot-hills of carboniferous limestone, remnants of a once 
continuous bed. As we emerge into a little park, just before reaching 
South Park, we pass through a sort of canon, with walls of carbon- 
iferous limestone on each side, inclining northeast at an angle of 
eighteen to twenty degrees. This limestone rests directly upon the 
massive granite, and the bedding of the granite inclines in the same di- 
rection and at the same angle. The limestones are from three hundred 
to four hundred feet in thickness. There is one bed, about thirty feet 
thick, of rusty quartzose sandstone about the middle of the limestone. 
The lower beds are very hard, bluish, and cherty; but the upper ones 
are yellow, purer, and contain imperfect fragments of fossils. 

There are here also several examples of the outbursts of basalt, assum- 
ing very marked castellated forms. 

As we pass into this small park, which is about five or six miles long 
and two wide, we have on the north side of the road a bed of very thinly 
laminated black shale, passing up into a great thickness of laminated 
sandstones, all inclining northeast fifteen degrees, and on the summits of 
the mountains, four hundred to six hundred feet directly above, are beds 
of limestone and quartzite inclining in the same direction. Tne black 
shales have been prospected for coal. Toward the upper end of this 
little park is a series of beds, some of them with a reddish tinge, 
composed of alternate thin beds of shale, sandstone, pudding-stone, and 
arenaceous limestones, which belong underneath the olack shales before 
'tioned. 
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It seems to me that these beds are Jurassic, or much newer than the 
carboniferous, but in the upheaval have fallen down below the carbon- 
iferous limestones, which have been lifted far up in the ridge beyond. 
As we ascend the ridge which forms the southwestern rim of the South 
Park, we meet with what appears to be the same black shales and sand- 
stones on the summit, which we saw some hundreds of feet lower in the 
small park. 

The South Park is completely surrounded with gigantic ranges of 
mountains, and inside of them the sedimentary rocks, when exposed, 
seem to dip toward the center of the park. Indeed, I should regard the 
South Park a;s one immense quaquaversal. 

Around the salt works is a group of laminated sandstones, mostly 
brown and gray, overlaid by a great thickness of light gray gypsiferous 
marl with a bed of crystallized gypsum four feet thick. The valley in 
which the salt springs are located is covered with an efflorescence of 
what is usually called in this^cx)untry "alkali.'' On the east side of the 
creek which runs past the salt works is a high isolated balsatic butte. 
About a fourth of a mile east there is a hill composed of the gypsiferous 
marls, on the surface of which are numerous dei)osits of calcareous tufa, 
as if a number of springs had issued from it in former times. 

These salt works are quite extensive and costly. The springs are two in 
number, but the brine is not abundant or strong. Salt has been manu- 
factured here in considerable quantities, and a large portion of Colorado 
has been supplied with it. These springs are very interesting in a geo- 
logical point of view, though their origin is somewhat obscure to me, 
yet I believe they belong to the triassic or saliferous sandstones. 

About four miles north of the salt works is a high ridge, inclining 
northwest twenty degrees, composed of a series of variegated sandstones 
and shales three hundred to four hundred feet thick. These are, with- 
out doubt, the group which 1 have usually called triassic, or red beds. 
Still further north we find them inclining southeast, with several thin 
beds of blue, very hard, cherty limestone, which is characteristic of the 
red beds. Near Fairplay the brick-red beds are well shown. It seems, 
therefore, certain that the principal sedimentary rocks which are found 
in the South Park are triassic. 

About ten miles south of Fairplay several thin beds of blue, close, brit- 
tle limestone appear, intercalated among the red sandstones, dipping a 
little east of south, forming a sort of synclinal; that is, the dip is nearly 
opposite that of the beds near the salt works. These limestones, with 
the red sandstones, may possibly be of permian age. No fossils could 
be detected in them. The sandstone is in some cases micaceous, or 
composed of mica and small crystals of quartz; in others, a fine aggregate 
of worn i)ebbles, a sort of fine pudding-stone. These variegated or red 
beds continue close up to the eruptive ranges for five miles. North and 
west from Fairplay we come to a high ridge of sandstone with a reddish 
tinge and slightly calcareous, the dip being north of east, or nearly east, 
and the ridge forming a marked line running nearly north or south 
through the middle of the park, from the mountains nearly to the salt 
wof ks. Just east of this ridge is another ridge of quartzose sandstone or 
cretaceous. Then comes a very large thickness of the laminated creta- 
ceous clays, covering the country for about fifteen miles. Near McLaugh- 
lin's, twelve miles northeast of Fairplay, the lignite tertiary sandstones 
and clays overlie the cretaceous and jut up against the mountain side. 
About a mile north of the ranch Mr. McLaughlin has opened a coal mine. 
He sunk a shaft eighteen or twenty feet through a bed six to ten feet of 
very impure coal ; some portions of it can be used for fuel. The dip of the 
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coal bed is forty-five degrees northeast from the base of the moontains, 
which are not more than a quarter of a mile distant. Mr. McLaughlin in- 
formed me that he had found "oak leaves" in the shale above the coal. 
These beds occupy the entire north end of the park, and no older rocks are 
seen between them and the eruptive foot-hills of the mountains. It seems, 
therefore, that the source of the elevating forces that upheaved these 
sedimentary formations was in the range of mountains that form the 
western rim of the park, and, so far as I could ascertain, there are no 
true ridges of upheaval on the eastern side. Exposures of eruptive 
rocks are seen everywhere all over the park. 

There are several localities where these rocks are thrust up through the 
cretaceous and tertiary beds, and in the middle and southern portions of 
the park are quite lofty isolated buttes and mountains of eruptive rocks. 

But one of the most conspicuous formations and greatest in extent 
and importance is the boulder drift. This seems to be mostly confined 
to the northern and northwestern portions of the park where the princi- 
pal placer diggings occur. In the valley of the South Platte, especially 
near Fairplay, there is a prodigious exhibition of the boulder formation. 
The rocks are well rounded by attrition, and apparently have been swept 
down from the mountains. Wherever the drift occurs, there are long 
table lands or terraces, especially in the vicinity of the little streams, and 
they seem to be i^laned down with such wonderful smoothness that it must 
have been done by the combined action of water and ice. 

Along the west and north sides of the park are a large number of lofty 
eruptive peaks, which seem to me old volcanic cones. One of the peaks in 
the range west of Fairplay seems to have a crater-like summit, the rim 
broken down on the east side. All around the inside of the remainder of 
the rim the layers of basalt appear like strata, inclining from the opening 
in every direction as if the melted material had been poured out and had 
flowed over the sides in regular strata. There are also tremendous 
furrows down the sides of others. In the mountains north of the park 
are huge depressions in these volcanic ranges, the sides of which 
are quite red, as if they had been in active operation at a comparatively 
modern period. I am, therefore, inclined to believe that the magnificent 
range of mountains on the west side of the Arkansas Eiver, extending 
far northward, is one series of old volcanic cones. As we leave the 
plains and ascend the mountains at the northeast side of the park, we 
pass immediately from the older teitiary beds, covered thickly with drift, 
to the metamorphic rocks mingled with outbursts of eruptive rock. To- 
ward the summit there was a great series of gneissic beds of all varieties 
and textures. All these mountains east of the park have a gneissic and 
granitic nucleus. As we descend the vaUey of a small branch of the 
North Fork of the South Platte from the Kenosha House, we pass down 
a monoclinal rift. On the west side is the slope covered with a thick 
growth of pine and spruce, while on the left side are the projecting edges 
of the massive red feldspathic granites with two sets of cleavage lines ; 
the vertical with a strike northeast and southwest, and the other inclin- 
ing at an angle of thirty degrees; the strike, southeast and northwest; 
while the bedding inclines with the hills. The bedding is so regular 
and massive that it looks like massive sandstone stratification. The 
Platte, with all its little branches, flows through these rifts or intervals 
between the ridges; one side of the stream, a plain gradual slope; the 
other, extremely abrupt, with the rugged ends of the gneissic or granitic 
rocks projecting out in a most remarkable manner. After passing 
along massive granite walls about five miles, we go through four or five 
miles of singularly banded gneiss, and then massive granite again of 
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every degree of texture, from a fine, close feldspathic rock with no mica, 
to a coarse aggregate of quartz ana feldspar and fine particles of mica. 
One of the interesting features of these mountains is the fact that all 
the little streams find their way through these monoclinal valleys. We 
see also the main axis of the range, composed of massive granite with a 
distinct bedding, which is sometimes inclined and sometimes horizontal 
with the banded gneiss inclining from each side. It seems quite clear 
that each one of these great ranges of mountains is a grand anticlinal 
with a massive granite axis, with the gneissic granites inclining from each 
side in the form of ridges, among which the various streams find their way. 
The trend of these ranges is in the most cases northwest and southeast, 
or nearly so. Some of the gneissic rocks in the Platte Valley look like 
laminated sandstone with a regular dip eighteen to thirty degrees. 
The tops of the highest ranges are, in some cases, covered very thickly 
with loose fragments of rocks. 

Passing down from the junction to Denver we have some of the finest 
examples of jointage structure in the gneissic rocks that I have ever 
seen; there are two lines of fracture — one with a direction northeast and 
southwest, the other northwest and southeast, with the lines of bed- 
ding — making a fine study for the geologist. Some of the beds are thus 
broken into nearly square blocks, and others in diamond-shaped masses. 

On reaching the base of the mountains the usual ridges of sediment- 
ary rocks are passed over — red beds, Jurassic, cretaceous, and tertiary. 
The tertiary beds commence within a mile of the foot of the mountains, 
soon becoming horizontal in their position, and before reaching Denver 
they are scarcely seen on account of the superficial deposit of drift and 
alluvial which covers them. 



CHAPTER X. 

TRIP TO MIDDLE PARK. 

Our route to the Middle Park was through the Berthoud Pass, from 
the valley of Clear Creek. The range of mountains in which the pass 
is located is composed of gneissic rocks — as are all the ranges in the 
mining districts. The ascent was very st»eep on the south side, up to the 
region of perpetual snow; but the descent on the north side is quite 
gradual. 

Great quantities of loose materials from the basis rocks are scattered 
thickly over the summits, of every variety of the nietamorphic class. 
Most of the peaks are well rounded, and covered with soil and vegeta- 
tion. Grass and flowers grow far up above the limits of arborescent 
vegetation. As we ascend, the pines, spruces, and cedars dwindle down 
in size until they become recumbent and trail on the ground. Some of 
the highest peaks are very sharp and covered with loose rocks, as if only 
the usual atmospheric influences had ever affected them. Their sides 
are often massive escarpments of rocks down which an infinite quantity 
of fragments have fallen, making a vast amount of debris at the base. 
Of course their rocky sides are entirely free from vegetation, and the 
oxide of iron gives them a rusty reddish appearance. One mountain at 
the head of Clear Creek is called Eed Mountain, from the fact that the 
rocks have a bright red color in the distance. The evidences of the out- 
pouring of igneous rocks in this mountain are very marked; indeed, it 
may be called an eruptive range. 
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From the summit of Berthoud's Pass, at a height of eleven thousand 
eight hundred and sixteen feet, we can look northward along the line of 
the main range, which gradually flexes around to the northwest, while 
the little streams seem to flow through the rifts. The general appear- 
ance of the western slope of this great range would indicate that it is a 
huge anticlinal composed of a series of ranges on each side of a common 
axis, and then smaller ranges ascend like steps to the central axis. The 
western side of this ridge slopes gently, while the eastern side projects 
over abruptly. This main range also forms a narrow dividing line, or 
" water-divide," between the waters of the Atlantic and Pacific. I stood 
where the waters of each side were only a few feet apart, and felt a real 
joy in passing down the western slope of the mountain by the side of a 
pure crystal stream whose waters were hastening on to the gi^eat Pacific. 

All down the western slope is a great thickness of superficial material, 
loose sand, decomposing feldspar, with partially worn rocks of all sizes. 
This i3 due quite evidently to local influences, ice and water wearing 
down the sides of the mountains and depositing the material adhering 
to the masses of ice along the slopes. 

The springs of water are very numerous, and the water seems to col- 
lect in the thick grass and moss-covered eaith, forming large bogs. It 
is also interesting to watch the growth of a stream from its source, re- 
ceiving in its way the waters of myriads of springs, until it becomes a 
river too formidable to ford easily. The little stream which rises in the 
pass we followed to the Park, where it is fifty yardS wide, and contains 
an abundance of fine trout. 

The Middle Park is really made up of a number of smaller parks, 
which are somewhat independent of each other. Each one may present 
diflVrent geological formations. The little i^ark on the south side, which 
we first enter, is a very beautiful one. The grass is luxuriant, and the 
timber excellent. None of the older sedimentary rocks were seen along 
the flanks of tlie mountains, but a recent tertiary deposit seemed to 
cover the country. On the east side of Fraser Creek there is a long, 
high ridge, which is cut by the stream in several places, formed of the 
white and yellow sands and marls which mark the pliocene tertiary on 
the east side of the mountain. I have no doubt that it is a formation 
of the same kind as that of the Arkansas marls, and cotemporaneous 
with it. 

Along this creek there are some massive walls of this formation, mostly 
yellow marls, but some layers of sandstone. This ridge extends from 
the mountains far northward, and is about two miles wide; and between 
it and the immediate base of the mountains is situated a beautiful valley 
of considerable width. 

The Middle Park is apparently a quaquaversal,suiTounded by the lofty 
snowy ranges; and the lower ranges descending like steps to the valley 
which constitutes the true park. The park does not appear to be more 
than from ten to twenty miles wide from east to west, and from fifty to 
sixty long from north to south. In this park also the ranges of moun- 
tains so surround it that the slopes seem to form a sort of quaquaversal 
inclining toward a common center. 

Viewed from Middle Park, Long's Peak, and the range immediately 
connected with, has a nigged, saw-like edge, as if composed of eruptive 
rocks, and ridge after ridge inclines from it in regular order. 

About ten miles north of our camp^ in the first park, we come to low 
ridges of massive red teldspathic granite, and parallel \nth these granite 
ridges are a series of sedimentary beds, commencing with the brick-red 
beds. The strike is nearly north and south, and the dip west. These 
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ridges are all so grassed over that the true nature of the underlying 
l^ocfcs is not easily determined. Then comes ridge after ridge until all 
the beds— Jurassic and cretaceous — are shown. 

On this stream we have a fine system of terraces. On the north side 
are three distinct terraces above the bottom, and the lowest one has a 
bed of cretaceous sandstone, nearly horizontal, cropping out at its base. 
This is a low one, not more than fifteen feet high; the next one is fifty 
feet high, and the third, which descends from the high hills, is two hun- 
dred feet. A little west of south, at the junction of Grand River with 
Eraser Creek, five high peaks are visible, which form in that direction 
a part of the main range. All around us, in every direction, we could 
see the snowy peaks, and the beds which form the ridges of upheaval 
inclining in every direction. 

To the south of the park the older sedimentary rocks dip north in 
lofty ridges, at least two thousand feet high, presenting high escarp- 
ments when split by streams, and reaching almost the highest margin 
of the mountains. 

About ten miles above the hot springs, Grand River flows through an 
enormous gorge cut through a high ridge of basalt, which seems to be 
an intrusive bed, for above and below, ^the sedimentary rocks are well 
shown, but partially changed. Underneath are the cretaceous shales of 
Nos. 4 and 5, and above are the lignite tertiary beds. These beds all 
dip west twenty-three degrees. 

These eruptive rocks are very rough, as if they had been poured out 
without much pressure. Much of it is a very coarse conglomerate, the 
inclosed masses appearing to be the same kind as the paste; that is, orig- 
inally, of igneous origin. ' Some of the inclosed rocks are very compact, 
close, and all were, more or less worn before being inclosed. This rock 
is a true dolorite. I did not see any inclosed masses that I could call 
unchanged. This basalt extends a great distance, continuing a nearly 
uniform thickness, and inclining in the same direction with the cretaceous 
beds below and the tertiary beds above. 

On both sides of Grand River, but especially on the east and north- 
east sides, extending up nearly to the foot of Long's Peak, are quite 
large exposures of the recent tertiary beds. They are nearly horizontal, 
and hav^ much the appearance in color of the Fort Bridger beds, of 
which Church Buttes is an example. These beds are composed, for the 
most part, of fine sand and marl, but there are a few small rounded 
boulders scattered through it. Below the gorge, on the north side of 
Grand River, these outflows of basalt have formed some well-defined 
mesas; at least three beds .ascending like steps from the river. Below 
the gorge the river flows through what seems to be a rift of basalt, that 
is, on the north side. The basalt lies in horizontal beds, but on the south 
side is the sloping side of a basaltic ridge. The dip is nearly northwest, 
though the trend of this basaltic ridge is by no means regular. One 
portion of it has a strike northwest and southeast, and another north 
and south. The tertiary rocks reach a great thickness, and are elevated 
high up on the top of the basaltic ridge, eight hundred to one thousand 
feet above the river. They are mostly formed of fine sandstone and pud- 
ding-stone. These fine sandstones contain some well-marked impres- 
sions of deciduous leaves, among which are good specimens of Platanus 
Jiaydeni. On the north side of Grand River, in some localities, the tertiary 
beds are elevated so high, on manj^of the eruptive mountains, that they 
are covered with perpetual snow. These eruptive beds are certainly 
among the most remarkable examples of the overflow of igneous matter 
that I have ever seen in the West. 
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At one locality I saw a remarkable intrusive layer between the red or 
variegated beds whicli are supposed to be triassic and the Jurassic. It 
is a very compact, heavy syenite, and forms a ridge of upheaval, and 
dips in the same direction and at the same angle with the unchanged 
beds above and below. 

About four miles below the first basaltic canon on Grand Eiver, 
apparently the same ridge comes close to the river again. On the north 
side there is a high basaltic uplift, which shows well marked lines of 
stratification, as if the melted material had been poured out in thin reg- 
ular sheets or layers. The dip is about north. In many places the 
entire mass is made up of a coarse conglomerate, and has the peculiar 
steel color which seems to characterize modern eruptive rocks. The dip 
of this basaltic ridge, at this point, is thirty-six degrees. On the oppo- 
site side of the river there is an isolated portion cut off from the main 
ridge, with a dip about south or southeast twenty-four degrees. 

Continuing our way west down Grand Eiver we pass over a series of 
upturned ridges of sedimentary rocks, inclining in the same direction 
with the basaltic ridge trending parallel with it, composed of cre- 
taceous and older tertiary beds. Looking eastward from the Grand 
Canon, below the hot springs, this remarkable basaltic ridge seems to 
form a semi-circle with a general dip about north. 

Immediately below the hot springs the Grand Canon commences, 
and the river cuts its way through an upheaved ridge of massive 
feldspathic granite for three miles between walls from one thousand to 
one thousand five hundred feet high. The south side is somewhat sloping 
and covered thickly with pines, while the north side is extremely rugged, 
the immense projecting masses of granite forbidding any vegetation to 
gain a foothold. It would seem that the river had worn its way through 
a sort of rift in the granite, but at the upper end it has cut through 'the 
uplifted sedimentary ridges nearly at right angles. In some places the 
north side is gashed out in a wonderfully picturesque manner, so that 
isolated columns and peaks are left standing, while all the intermediate 
portions have been worn away. This granite ridge will average perhaps 
five mUes in width, and extends an unknown distance across the park 
northeast and southwest, and it is from the southeast side^ that the 
ridges of upheaval above described incline. 

The granite ridge seems to form a sort of abrupt anticlinal. On the 
southeast side the rocks are all bare or covered with a superficial deposit 
of recent tertiary marls. None of the older unchanged rocks are seen 
on this side, but the modern sands and sandstones are exposed in a 
horizontal position in the channel of the river. 

The hot springs are located on the right bank of Grand Eiver, at the 
juncture of the sedimentary rocks with the granites. Just east of the 
springs is a high hill. Mount Bross, one thousand to one thousand two 
hundred feet above Grand Eiver, which seems to be composed mostly of 
the older tertiary strata, alternate yellow and gray sandstones, and lamin- 
ated arenaceous shaly clays. The whole is so grassed over that it is diffi- 
cult to take a section. The beds incline east of north at a small angle. 
I regard the beds as of the age of the coal formations of the West, older 
tertiary. I found excellent impressions of deciduous leaves, among 
which are those of the genus Magnolia. Just opposite the springs, the 
left bank of the river shows a perfect section of all the layers from 
the cretaceous to the Jurassic. The bank is not more than ten 
feet thick above the water, and yet it shows that the river itsedf rolls 
over the upturned edges of all these beds. 
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The section in descending order is as follows: 

1. Tertiary strata forming the greater part of the hill known as Mount? 
Bross. 

2. Gray laminated sandstones passing down into arenaceous clays 
with Baculites ovatusj &c. 

3. Black clays of No. 4. These are of great thickness and every variety 
of texture. As shown in a cut bank of the river it is yellow arena- 
ceous clay with layers of sandstone, in which the impressions of deciduous 
leaves were observed. These layers project up, a distance along the 
bank, of seventy paces. 

4. Dark plastic clay with cone in cone, seams of impure clay, iron ore. 
Then comes an interval in which no layers could be seen, sufficient to 
include No. 3 — ^two hundred and fifty paces. 

5. Dark steel-black laminated slate, with numerous fish scales; dip, 
twenty-seven degrees. This slate passes down into alternate layers of 
rusty sandstone and shaly clay. 

In the upper bed of sandstone and shaly clay are obscure vegetable 
impressions, leaves, stems, nuts, &c., evidently deciduous. In the upper 
bed of sandstones are two or three thin seams of carbonaceous shale, and 
the intervening layers of sandstone are almost made up of bits of vegetable 
matter. Toward the lower, it becomes a hard mud rock passing down 
intx) rusty yellow sandstone with all sorts of mud markings. Then comes 
a bed of bluish plastic clay with sulphur and oxide of iron ; dip, thirty- 
three degrees. Then rusty fine-grained gray sandstone passing down 
into a very close massive pudding-stone, composed of very smooth 
nicely^rounded pebbles, cemented with silica. This stone would be 
most excellent for building material and is susceptible of a very fine 
polish. A fracture passes directly through the pebbles^ the paste being 
harder, if anything, than the inclosed pebbles; dip, thirty-one degrees. 
This is a very thick bed and is a portion of No. 1, cretaceous, or a sort of 
transition bed between the cretaceous and the Jurassic. 

The red and variegated beds lie fairly upon the gneissic granites, and 
although they are shown very obscurely here, yet I think they must 
exist, inasmuch as they are so well reveaifed not more than fifteen miles 
east of this point, so that I have no doubt they are lost beneath the mass 
of superincumbent material. I think the light-cjolored clays lying under- 
neath the bed of chalky clay, are Jurassic. There is a bed of fine 
gritty clay underneath the pudding-stone which would make excellent 
hones. 

In the intercalated sandstones above the pudding-stones are plants 
just like those observed in No. 1 at Sioux City, on the Missouri Eiver, 
and the composition of the strata is the same ; there is a Salix, a con- 
iferous plant, the cones of a pine, &c. 

I have given this detailed description of the cretaceous rocks to show 
the exceeding variableness of their texture, and also to call the atten- 
tion of scientific men, who may hereafter visit this interesting locality, 
which will soon become celebrated, to a section of the rock through 
which the waters of the spring must pass in reaching the surface. Now 
in whatever rocks these springs may originate, the water must pass a 
long distance through the almost vertical strata of the cretaceous period, 
in the sediments of which are found in other localities nearly all and 
perhaps all the mineral constituents found in these springs. The deposits 
around these springs are very extensive. No analysis has as yet been 
made, but large masses of gypsum and native sulphur can be taken ourt 
at any time from the sides of the large basin-Hke depression into which 
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the water flows. They are properly " Hot Sulphur Springs,'' varying in 
temperature from eighty to one hundred and twelve degiees. 

About fifteen miles west of the t^prings is the valley of the Troublesome 
Creek, a small branch of the Grand Eiver, flowing from the basaltic 
mountains on the northern side of the park. 

I visited tliis region under the guidance of Mr. Sumner, an old resident 
of the park. The surface of the country along our road was stre;i¥n with 
eruptive rocks. We saw several localities where the basaltic rocks 
protruded, luid one place in Corral Creek, about eight miles west of 
Grand River, whore the little stream has cut a deep channel through 
the red granites. The older tertiary beds appear from time to time. 

Troublesome Caiion, at the head of the creek bearing this name, is 
entirely basaltic, and the rugged walls not only of the main stream but 
also of the little branches, form a most picturesque view. 

Below the caiion, the valley of Troublesome Creek, and also that of 
Grand liiver near the junction, is occupied by belts of modern tertiary 
sands and marls like those observed at the entrance to the park, by 
Berthoud's Pass. Where the little stream cuts the terraces, horizontal 
strata of wbitish and flesh-colored sands and marls are exposed. I looked 
in vain for fossils and found only specimens of silicified wood. There 
are cold sulphur springs in this valley. All through the park, the 
benches or terraces are conspicuous in the vicinity of streams, as at the 
base of mountain ranges. In the park through which Frazer's Creek 
flows, these benches or terraces are most beautifully carved out from the 
modern marls. 

I regret that my visit to the Middle Park was so short that I could 
not explore the entire area with care, for few districts in the West can 
aflbrd more material of geological interest, and an entire season could 
be spent studying its geology and geography with great profit. 

The agricultural resources of the Middle Park are as yet unknown. No 
attempt has been made to cultivate any portion of it. Grass and graz- 
ing are excellent and the soil good, and if the climate will permit, all 
kinds of garden vegetables could be raised in abundance, and some 
varieties of the cereals. Timber is abundant both for lumber and fuel. 

In summing up the geology of the Middle Park, we find that all the 
sedimentary rocks known in this country are found there. T did not see 
any beds that I could define as carbontferous, but the triassic, Jurassic, 
cretaceous, and tertiary are well developed. I have no doubt as to the 
existence of true carboniferous limestones in the Middle Park. 

The tertiary deposits of this region may be divided into two groups, 
viz, the lignite or older tertiary, and the modern pliocene marls and 
sands which seem common to the parks and mountain valleys. The for- 
mer conform perfectly to the older beds, while the latter seldom incline 
more than three to five degrees, and do not conform to the older rocks. 
The marl group is undoubtedly contemporaneous with the Arkansas and 
Sante F6 marls. 

The geological structure of the Middle Park is more varied, compli 
cated, and instructive than that of any other of the parks. 
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CHAPTEE XI. 
THE GOLD AND SILVER MINES OF COLORADO. 

I will confine my remarks mostly to the geological features connected 
with these mines^ inasmuch as Mr. Frazer, in his report appended, has 
fully treated this subject. 

The gold and silver lodes of this Territory, so far as they are observed, 
are entirely composed of the gneissic and granite rocks, possibly rocks of 
the age of the Laurentian series of Canada. At any rate^ all the gold- 
bearing rocks about Central City are most distinctly gneissic, while those 
containing silver at Georgetown are both gneissic and granitic. The 
mountains in which the Baker, Brown, Coin, Terrible, and some other 
rich lodes are located, is composed mostly of gneissic and reddish feld- 
spathic granite, while the Leavenworth and McClellan Mountains, 
equally rich in silver, are composed of banded gneiss, with the lines of 
bedding or stratification very distinct. 

There is an important question that suggests itself to one attempting 
to study the mines of Colorado, and that is the cause of the wonderful 
piUrallelism of the lodes, the greater portion of them taking one general 
direction or strike, northeast and southwest. We must at once regard 
the cause as deep-seated and general, for we find that most of the veins 
or lodes are true fissures and do not diminish in richness as they are 
sunk deeper into the earth. All these lodes have more or less clearly 
defined walls, and some of them are quite remarkable for their smooth- 
ness and regularity. We assume the position that the filling up of all 
these lodes or veins with mineral matter was an event subsequent to 
any change that may have occurred in the country rock. Kow, if we 
look carefully at all the azoic rocks in this region we shall find more or 
less distinctly defined, depending upon the structure of the rock itself, 
two planes of cleavage, one of them with a strike northeast and south- 
west, and the other southeast and northwest. Beside these two sets 
of cleavage planes there are in most cases distinct lines of bedding. 
The question arises, what relation do these veins hold to these lines of 
cleavage ? Is it not possible that they occupy these cleavage openings 
as lines of greatest weakness ? 

I have taken the direction of these two sets of cleavage planes many 
times with a compass, over a large area, and very seldom do they diverge 
to any great extent from these two directions, northeast and southwest 
or southeast and northwest. In some instances the northwest and south- 
east plane would flex around so as to strike north and south, and the other 
one so as to trend east and west, but this is quite seldom, and never occurs 
unless there has been some marked disturbance of the rocks. There are, 
however, a few lodes which are called " east and west lodes," and some, 
" north and south." A few have a strike northwest and southeast, but 
are generally very narrow and break off from the northeast and south- 
west lodes, are very rich for a time and then "pinch" out. It would 
seem therefore quite possible that the northeast and southwest veins 
took the lines of cleavage in that direction as lines of greatest weakness, 
and that the northwest and southeast lines cross the other set, and 
thv.t a portion of the mineral material might accumulate in that cleavage 
fissure. I merely throw out this as a hint at this time, which I wish to fol- 
low out in my future studies. I am inclined to believe that the problem of 
the history of the Eocky Mountain ranges is closely connected with 
these two great sets of cleavage lines. As I have before stated, my own 
observations i)oint to the conclusion that the general strike of the met- 
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amorphic ranges of mountains is northwest and southeast, and that the 
eruptive trend northeast and southwest. The dikes that sometimes 
extend long distances across the plains, in all cases trend northeast and 
southwest, or occasionally east and west. The purely eruptive ranges 
of the northern portion of the San Luis Valley seem to be composed 
of a series of minor ranges '^ en echelon^ with a trend northeast and 
^ southwest. But as soon as this range joins on to a range with a meta- 
morpliic or granitic nucleus, the trend changes around to northwest and 
southeast. Many of the ranges have a nucleus of metamorphic rocks 
though the central and highest portions may be composed of eruptive 
peaks and ridges. In this case the igneous material is thrust up in lines 
of the same direction as the trend. It becomes therefore evident that 
all the operations of the eruptive forces were an event subsequent to 
the elevation of the metamorphic nucleus. This is shown in hundreds 
of instances in Southern Colorado and New Mexico, where the eruptive 
material is oftentimes forced out over the metamorphic rocks, conceal- 
ing them over large areas. 

All over the mining districts are well-marked anticlinal, synclinal, and 
what I have called monoclinal valleys. Kearly all the little streams flow 
a portion or all their way through these monoclinal valleys or rifts. In 
most cases the streams pass along these rifts from source to mouth, but 
occasionally biu'st through the upheaved ridges at right angles, and 
resuming its course again in some monoclinal opening. There are afew 
instanc-es of these streams flowing along anticlinal valleys, and by any one 
these^ remarlis will be at once understood by studying the myriad little 
branches of Clear Creek or South Platte, which flow for long distances 
through the mining districts. 

In these valleys are oftentimes accumulated immense deposits of 
modern drift. Sometimes there are proofs that tliese valleys have been 
gorged for a time, and a bed of very coarse gravel and boulders will ac- 
cumulate, hundreds of feet in thickness. Near Georgetown there is a fine 
example of this modern drift action. 

It would seem that the valley of that branch of Clear Creek, in which 
the Brown and Terrible silver lodes are located, was gorged at one time, 
perhaps, with masses of ice, and the fine sand and coarse materials 
accumulated against the gorge, and at a subsequent period the creek 
wore a new channel through this material. The upper side of this drift 
deposit is fine sand, but the materials grow coarser as we descend, until, 
at the lower side, there are immense irregular or partially worn masses 
of granite. On the sides of the valley the rocks are often much smoothed 
and grooved as if by floating masses of ice. We assume the position, of 
which there is most ample evidence all over the Eocky Mountain region, 
that at a comparatively modern geological period the temperature was 
very much lower than at present, admitting of the accumulation of vast 
bodies of ice on the summits of the mountains. The valley of the South 
Platte, as that stream flows through the range east of the South Park, 
show, not only these accumulations of very coarse boulder drift, but when 
this drift is stripped oft', the underlying rocks are found smoothed, and, 
in some instances, scratched, as if by floating icebergs. 
J In regard to the character of the gold and silver mines of Colorado, 
much information of practical value has been secured, but my limited 
time will not permit me to present it in detail in this preliminary report. 

It will be more fully elaborated during the coming winter. I would 
simply remark that my observations indicate to me that the silver mines 
of Georgetown are very rich and practically inexhaustible, and that, 
under the present system of working them, they are l^ecoming daily 
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more and more .important. The amount of labor that is continually 
expended in opening mines and driving tunnels is immense, and their 
future importance as a soiu'ce of wealth to the country greatly in- 
creased. The same remarks will apply to the gold mines of Gilpin 
County. There are some remarkably rich lodes which have yielded the 
enterprising miners untold wealth, and some that will continue to do so. 
In the majority of cases, where proper management and economy have 
been employed, the mines have been a great source of profit to the 
miner. It is not necessary to enter into the causes of the wondeiful 
failures and swindling operations which have brought Colorado into 
such disrepute in the past. It is sufficient for me to state my belief that 
the mining districts of Colorado will yet be regarded as among the richest 
the world has ever known. 



CHAPTER XII. 

REVIEW OF LEADING GROUPS, ETC. 

This final chapter to my report, which I have added here, will contain 
a brief review of the leading groups of strata noticed in this and my 
previous reports, as well as a few additional observations and chemical 
analyses. The details of my labors will be presented in my final reports 
at some future period. 

I have already alluded to my belief that this western country during 
the tertiary period was covered to a greater or less extent with a chain 
of brackish or fresh- water lakes; that the tertiary period began its 
existence with brackish water deposits, which gradually became fresh 
water, and thus continued up to the present time. It is hardly possible 
to synchronize all these groups of strata with our present knowlege ; 
but in order that our efforts in that direction may be facilitated, I have 
thought it* best to give them specific names, which may be regarded 
provisional for the present. Each one of these groups will doubtless 
afford a flora and fauna to a certain extent peculiar to itself, and a 
greater importance will be attached to it when grouped around some 
specific names. 

Proceeding southward from Cheyenne we pass over the coal forma- 
tions of the tertiary period, which have already been called, on the 
Upper Missouri, the Fort Union group. This group I regard as marking 
the dawn of the tertiary age in the West, and as covering a far more 
extended area than any other group of this epoch. It is continuous 
southward from the Missouri Valley to Colorado, interrupted only by a 
belt of Wliite Eiver beds about two hundred miles wide. I think these 
beds also extend far northward into the British possessions, probably 
nearly or quit^e to the Arctic Sea. 

About forty miles south of Denver we have a high divide, or ridge, 
which forms a sort of water-shed between the Platte and Arkansas 
Kivers. This is composed of a group of strata, mostly sandstones and 
sands jutting up against the mountains in a slightly disturbed position 
and not conforming to the older rocks. These beds are undoubtedly 
middle tertiary, and I have called them the Monument Creek group. 

I do not think that such terms as eocene, miocene, pliocene, &c., are 
at all applicable to the tertiary deposits of the West, and I therefore 
designate them as lower, middle, and upper tertiary. I regard all the 
coal beds of the West as lower tertiary. It is true that some of these 
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beds of lignite, or impure coal, or carbonaceous clay, are found in groups 
of strata which should be classed as middle tertiary 5 but these do not 
seem in any case to be of any economical importance. 

Near Hard Scrabble Creek, a small branch running into the Arkansas 
River just below Canon City, there is a small area, about eight miles 
square, occupied by coal strata, for which I propose the provisional 
name of Caiion City grouj). I have but little doubt that careful study 
will show that it is a iragment of the great lignite group of the North. 
The next group comprises the coal beds of the Raton Hills, which 
I suspect is also a portion of the great lignite group, and will event- 
ually be found to be synchronous with it. I have called it the Raton 
Hills group. 

The next group of coal strata occurs in Placer Mountains, New Mex- 
ico, about thirty miles south of Santa Fe. The lithological character of 
the beds or rocks are very similar to those of the lignite group farther 
north, but the evidence in regard to their age, or parallelism with the 
lignite group, is not so clear. While I regard the true coal beds of the 
West as lower tertiary, yet these Placer Mountain beds present the 
appearance of greater antiquity than the coal beds further north. Still, 
the numerous varieties of deciduous leaves which I have obtained from 
rocks just overlying the coal beds indicate that they are lower tertiary 5 
and with this belief I have named them the Placer Mountain group. 

Overlying the Placer Mountain beds, in the valley of GaUisteo Creek, 
is a vast thickness of exceedingly variegated sands, sandstones, and 
calcareous sandstones, characterized mostly by containing an abundance 
of silicified wood 5 but no other fossils have, as yet, been discovered. 
I have given this series of beds the name of Gallisteo sands, and they 
are doubtless middle tertiary. 

In the valley of the Rio Grande, at least from Albuquerque to the 
north end of San Luis Valley, a series of marly sands of a light color 
prevail to a greater or less extent. They exhibit their greatest thick- 
ness north of Santa F^. To this group I have given the name of Santa 
¥6 marls ; and they are doubtless of the age of upper tertiary, and 
synchronous with the upper beds of the White River group as seen 
along the North and South Forks of the Platte and near Cheyenne. 

In the valley of the Arkansas, north of the Poncha Pass, is a fine 
development of the light-colored marls, doubtless of the same age with 
the Santa F6 marls, which I have designated by the name of the 
Arkansas marls. I have as yet obtained no well-defined fossils from 
either the Santa ¥6 or Arkansas marls ; yet bones of some large ani- 
mal, probably mastodon or elephant, have been found in them. I have 
no doubt that more carefiil explorations will show that a fauna and 
flora of greater or less extent will characterize all these groups. 

Along the Union Pacific railroad we find in the Laramie Plains a most 
extensive exhibition of the great lignite group. The first coal beds of 
great economical value occur near Carlwn and at Separation. Prom 
Creston to Bitter Creek there are a series of purely fresh-water beds, 
with, some beds of impure lignite, with vast quantities of fossils be- 
longing to the genera UniOj Melania, Yivipara^ Helix, &c. This group I 
regard as middle tertiary, and the strata are very nearly horizontal. I 
have regarded these beds as separated from the lower tertiary or true 
lignite group, and have designated them by the name of the Washakee 
gi'oup. A little east of Rock Spring station a new group commences, 
composed of thinly laminated chalky shales, which I have called tk© 
Green River shales, because they ai^ best displayed along Green River. 
They are evidently of purely firesh- water origin, and of middle tertiaiy 
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age. The layers are nearly horizontal, and, as shown in the valley of 
Green Eiver, present a peculiariy banded appeamnce. When carefully 
studied these shales will form one of the most interesting groups in the 
West. The flora is already very extensive, and the fauna consists of 
MelemiaSj CorbtUds, and vast quanties of fresh-water fishes, preserved in 
much the same way as those in the Solenhofen slates of Germany. 
There are also numerous insects and other small undetermined fossils 
in the asphaltic slates. One of the marked features of this group is 
the great amount of combustible or petroleum shales, some portions of 
which bum with great readiness, and have been used for fuel in stoves. 

The next group commences not far west of Bryan, and is doubtless a 
prolongation upward of the Green Eiver shales, and may be regarded 
as of upper tertiary age. 

The sediments are composed of more or less fine sands and sandstones, 
mostly indiirated, sometimes forming compact beds, but usually weath- 
ering into those castellated and dome-like forms which have given such 
celebrity to the "Bad Lands'' of White Eiver. Church Buttes, near 
Fort Bridger, is an example of this group, and shows the style of 
weathering to which I refer. I have called this series of beds the 
Bridger groupf from the fact that it is best developed in this region. It 
has already yielded remarkably fine species of Unio, Melania^ Planorhis^ 
Vivipara^ HeliXj &c., with a great variety of turtles and mammalian re- 
mains. There are indications that when this group is thoroughly ex- 
plored it will prove to be second only to the " Bad Lands'' of Dakota in 
the richness and extent of the vertebrate remains. 

Immediately west of Fort Bridger commences one of the most re- 
markable and extensive groups of tertiary beds seen in the West. They 
are wonderfully variegated, some shade of red predominating. This 
group, to which I have given the name of Wasatch group, is composed 
of variegated sands and clays. Very little calcareous matter is found 
in these beds. 

In Echo and Weber Canons are wonderful displays of conglomerates, 
fifteen hundred to two thousand feet in thickness. Although this group 
occupies a vast area, and attains a thickness of three to five thousand 
feet, yet I have never known any remains of animals to be found in it. 
I regard it, however, as of middle tertiary age. 

Aiter passing Eock Springs station, Union Pacific railroad, the next 
exposures of coal are at Bear Eiver City, and at Evanston, and also at 
Coalville, near the entrance of Echo Creek into Weber Eiver. The coal 
beds at Evamston are the finest known in the West, and reach a thick- 
ness of twenty-six feet at one locality. These coal beds seem to be sep- 
arated from those at Separation and Carbon, and to present some feat- 
ures different from those in any other portion of the West. I am in 
doubt as to their precise position, but I am inclined to regard them as 
of lower tertiary age, possibly on a parallel with the oldest beds of the 
great lignite group in other localities. On Bear Eiver we find several 
species of Ostrea, both above and below the coal, and in a cut just west 
of Bear Eiver City is found the greatest profusion of molluscous life 
that I have ever seen in any of the tertiary beds of the West. There 
seems here to be a mingling of fresh and brackish water fossils. At 
Evanston, impressions of deciduous leaves are abundant in beds above 
the coaL Ko portion of the fauna seems to be identical with anything 
found in other places. The flora, seems also to be distinct, although 
some of the forms may be identical with species elsewhere. I have 
named the group of co^ strata \vhich is exposed from beneath the mid- 
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die tertiary beds by upheaval at Bear Elver City, Evanstoii) and Coal- 
ville, the Bear Kiver group. 

In the valley of Weber Eiver, from Morgan City to Devil's Gate, 
there is a thickness of one thousand to twelve hundred feet of sands, 
sandstones, and marls, of a light color for the most part, which I regard 
as of upper tertiary age. These newer beds must have not only occu- 
pied this expansion of the Weber Valley, but also all of Salt Lake Val- 
ley, for remnants of it are seen alj along the margins of the mountains 
inclosing Salt Lake Valley. I have obtained one species of helix near 
Salt Lake City from this group, which very much resembles a species 
obtained from the Wind Eiver deposits, near the source of Wind Eiver. 
I found this series of beds so widely extended and so largely developed 
in Weber Valley and Salt Lake Valley, that. I regard it as worthy of a 
distinct name, and in consequence have called it the Salt Lake group. 

Some years ago, in a paper published in the proceedings of the Acad- 
emy of Natural Sciences,* at Philadelphia, Mr. Meek and the 'writer pro- 
posed names for certain groups of tertiary strata, which might be added 
to the list already given: 

First, llie Fort Union or great lignite group, which occupies| the whole 
country around Fort Union near the mouth or the Yellowstone, extend- 
ing north into the British possessions to unknown distances, also south- 
ward on the Missouri Eiver to Fort Clark. It also extends along the 
eastern flanks of the mountains, probably to Denver, Colorado, ajud 
perhaps farther. 

Second. The Wind Eiver deposits are limited, so far as we now know, 
to the Wind Eiver Valley. The sediments are composed of indurated 
sands and clays, with a few layers of sandstones and some calcareoas 
concretions; and the prevailing color is very light gray, sometimes 
brown with reddish bands. The fossils thus far found are n*agments of 
Trionyxj Testudo, HeliXj Fiuipara, petrified wood, &c., doubtless of middle 
tertiary age. 

Third. The White Eiver group, best shown on White Eiver, Dakota, 
but covering a very extended area — at least one hundred and fifty 
thousand square miles. The sediments are composed of white and light 
drab indurated sands, clays, and marls, with some beds of sandstones 
and limestones 5 is purely fresh water, and remarkable as one of the 
most wonderful deposits of extinct mammalia on the globe — ^middle 
tertiarv. 

Fourth. The Loup Eiver beds, which certainly form a most sin- 
gular and remarkable group. They are composed for the most part of 
fine, loose gray or brown sands, with some layers of limestone contain- 
ing a distinct and most remarkable fauna, composed of wolves, foxes, 
tigers, hyenas, camels, horses, mastodons, elephants, &c. There are also 
numerous fresh-water andland shells, perhaps of recent species, upperter- 
tiary. To these groups might be added the Judith Eiver beds, a small basin 
on the Missouri Ei,ver, near the foot of the mountains, about fifteen to 
twenty miles in width and forty miles in length. This group is probably 
of lower tertiary age, but I think it was always separated from the great ' 
lignite group. In my final report I hope to be able to illustrate each one 
of these groups by the organic remains peculiar to it, and, if possible, 
show the relations of each one to the other and to all. Further explo- 
rations of the Territories will reveal many more of these lake basins, for 
I am now convinced that all over the great area west of the Mississippi 
to the Pacific coast the evidence of the existence of these lakes will be 
more or less clear. 
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DEPOSITS OP COAL AND IRON ORE. 

One of the most important problems to be solved in the West is the 
utilization of the vast quantities of iron ore which are scattered all over 
the country in a multiplicity of forms. The brown iron ores accompany 
the coal beds everywhere, and some good deposits are found in the cre- 
taceous formations. At the source of the Chugwater are immense de- 
posits of magnetic iron ore in the metamorphic rocks, which are prob- 
ably of Laurentian age, while at Eawlings's Springs are moat valuable 
beds of the red oxide of iron, in rocks which I suppose to be of triassic 
age. The latter are evidently local, but the amount of iron ore is con- 
siderable. 

The following extract is taken from the excellent report of Dr. John 
L. Leconte to the Pacific Eailroad Company : 

"Deposits of iron ore fit for working are found in the sandstones of 
the Vermejo, as described on page 24of the first part of the report. Veins 
of specular, titaniferous, and magnetic ore, occur in the metamorphic 
rocks of the mountains; those near Vegas are mentioned on page 29. 
Large quantities of magnetic iron are found near the Ortiz mine, and 
beds of an argillaceous variety occur near the anthracite of the Placer 
Moimtain, as mentioned on page 39. 

"Should the coal be capable of use for smelting iron, the localities of 
the latter will be found ample for all possible demands. 

" I have received from Messrs. Williams and Moss the following results 
of the examination of some iron ores collected on the journey: 

1. Magnetic iron ore, Las Vegas, metallic iron 20.43 per cent. 

2. Magnetic iron ore. Placer Mountain, metallic iron.. 65.27 per cent. 

3. Carboniferous iron ore, Vermejo Canon 21.91 per cent. 

4. Carbonate of iron, near anthracite of Placer Mountain 36.49 per cent. 

I take the liberty of introdacing. in this connection the following 
extracts from an article written by me and published in Silliman's Jour- 
nal, March, 1868. This paper has been very extensively copied, and 
even now I find it necessary to make but few changes: 

Mines have been opened on Coal Creek, three miles south of MarshaU's mines, but 
they have been abandoned for the present. Another has been opened about twenty 
miles south of Cheyenne Citjr, on Pole Creek. The drift bepjan with an outcropping of 
about four feet eight inches in thickness, inclination twelve degrees east. The ligpaite 
OTows better in quality as it is wrought further into the earth, and the bed, by following 
the dip two hundred feet, is found to be five feet four inches thick, and the lignite is 
sold readily at Cheyenne City for twenty-five dollars per ton. The beds are so concealed 
by a superficial drift deposit, that it is difficult ta obtain a clearly connected section of 
the rocks. A section across the inclined edges of the beds eastward from the mountains 
isasfoUows: 

7. Drab clay passing up into areno-caleareous grits composed of an aggregation of 
oyster shells, Ostrea 8iwtrig<mali8i 
6. Lignite—S to 6 feet. 
5. Drab clay— 4 to 6 feet. 

4. Reddish, rusty sandstone in thin laminje — 20 feet. 
3. Drab arenaceous clay, indurated—SB feet. 
2. Massive sandstone—SO feet. 
1. No. 5 cretaceous, apparently passing up into a yeUowish sandstone. 

The summit of the hills near this bed of lienite is covered with loose oyster shells, 
and there must have been a thickness of four feet or more, almost entirely composed of 
them. The species seems to be identical with the one found in a similar geological 
position in the lower lignite beds of the Upper Missouri near Fort Clark, and at the 
mouth of the Judith River, and doubtless was an inhabitant of the brackish waters 
which must have existed about the dawn of the tertiary period in the West. No other 
shells were ibund in connection with these in Coloi^o, but on the Upper Missouri 
weU-known fresh-water types exist in close proximity, showing that if it proves any- 
thing, it rather afiOrms the eocene age of these lower lignite beds. These lignite beds 

13 H 
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are exposed in many localities all along the eastern base of the mountains^ and from 
the best information I can secure^ I have estimated the area occupied by them north of 
the Arkansas River at five thousand square miles. According to the explorations of Dr. 
John L. LeConte during the past season, which are of great mterest, these same lignite 
formations extend far southward into New Mexico on both sides of the Rocky Mountains. 
Specimens of lignite brought from the Raton Mountains by Dr. LeConte, resemble very 
cu>sely in appearance and color the anthracites of Pennsylvania. It is probable that no 
true coal will ever be found west of longitude ninety-six degrees, and it becomes there- 
fore a most important question to ascertain the real value of these vast deposits of lig- 
nite for fuel and other economical purposes. Can these lignites be employed for gen- 
erating steam and smelting ores? In regard to the lignites in the Laramie Plains, I 
have as yet seen no analysis, but specimens are now in the hands of Dr. Torrey, of New 
York, for that purpose ; specimens from Marshall's mine on South Boulder Creek were 
submitted to Dr. Torrey by the Union Pacific Railroad Company for examination with 
the following result : 

Water in a state of combination, or its elements 12. 00 

Volatile matter expelled at a red heat, forming inflammable gases and vapors. . 26. 00 

Fixed carbon 59. 20 

Ash of a reddish color, sometimes gray 2.80 

100.00 

A specimen from Coal Creek, three miles south, yielded similar resultiS : 

Water in a state of combination, or probably its elements, as in dry wood 20. 00 

Volatile matter expelled, at a red heat in the form of inflammable gases and 

vapors -- 19.30 

Fixed carbon 58. 70 

Ash, consisting chiefly of oxide of iron, alumina, and a little silica 2. 00 

100. 00 



The percentage of carbon is shown to be in one case 59.20, and in the other 58.70, 
which «hows at a glance the superiority of the western lignites over those found in any 
other portion of the world. Anthracite is regarded as so much superior as a fuel, on 
account of the large per cent, of carbon, and also the small amount of hydrogen and 
oxygen. The bituminous coals contain a large percentage of hydrogen and oxygen, 
but not enough water and ash to prevent them from being made useful, but the calor- 
ific power of lignite is very much diminished by the quantity of water contained in it, 
from the fact that so valuable a portion of the fuel must be used in converting that 
water into steam. 

The day of ray visit to the Marshall coal mines, on South Boulder Creek, seventy- 
three tons of lignite were taken out and sold at the rate of four dollars a ton at the 
mine, and from twelve to sixteen dollars at Denver. This lignite is somewhat brittle, 
but has nearly the hardness of ordinary anthracite, which it very much resembles at a 
distance. 

In some portions there is a considerable quantity of resin. I spent two evenings at 
Mr. Marshall's house, burning this fuel in a furnace, and it seemed to me that it would 
prove to be superior to ordinary western bituminous coals, and rank next to anthracite 
for domestic purposes. Being non-bituminous, it will require a draught to bum well. 
It is as neat as anthracite, leaving no stain on the fingers. It produces no offensive gas 
or odor, and is thus superior in a sanitary point of view, and when brought into gen- 
eral use, it will be a great favorite for culinary purposes. It contains no destructive 
elements, leaves very little ash, no clinkers, and produces no more erosive eflects on 
stoves, grates, or steam boilers, than dry wood. If exposed in the open air it is apt 
to crumble, but if protected it receives no special injury. Dr. Torrey thinks there is 
no reason why it should not be eminently useful for generating steam and for smelting 
ores. 

Throughout the intercalated beds of clay at Boulder Creek and vicinity are found 
masses of a kind of concretionary iron ore, varying in size from one ounce to several 
tons in weight. This iron ore is probably a limonite commonly known undor the name 
of brown hematite or brown iron ore. It may perhaps be found in the state of carbonate 
of iron when sought for, beyond the reach of the atmosphere. These nodules or concre- 
tionary ma^es, when broken, show regular concentric rings varying in color from yel- 
low to brown, looking sometimes like rusty yellow agates. It is said to yield seventy 
per cent, of metallic iron. The first smelting furnace ever erected in Colorado ,was 
established here by Mr. Marshall, and he informed me that tor the production of one ton 
of pig iron, three tons of the ore, two hundred pounds of limestone, and one hundred 
and thirty to one hundred and fifty bushels of charcoal are required. Over five hundred 
tons of this ore have been taken from this locality, and the area over which it seems to 
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abotmd cannot be less than fifty square miles. Indications of large deposits of iron ore 
have been found in many other localities along the line of the Pacific railroacls, and if 
the mineral fdel which is found here in such great abundance can be made useful Tor 
smelting purposes, these lignite and iron ore beds wiU exert the same kind of influence 
over the progress of the great West that Pennsylvania exerts over all the contiguous 
States. When we reflect that we have firom ten thousand to twenty thousand square 
miles of mineral fuel in the center of a region where for a radius of six hundred to one 
thousand miles in every direction there is little or no fuel either on or beneath the sur- 
face, the future value of these deposits cannot be overestimated. 

The geological age of these western lignite deposits is undoubtedly tertiary. Those 
on the Upper Missouri have been shown to ^be of that age both from vegetable and 
animal remains, and in the Laramie Plains I collected two species of plants, a Populus 
and a PlantanuSy specifically identical with those found on the Upper Missouri. The 
simple fact that cretaceous formations Nos. 1, 2, 3, 4, and 5, are well shown all along the 
foot of the mountains, and that No. 5 presents its usual lithological character with its 
peculiar fossils, within fifteen' miles of Marshall's mines, also that at the mine, 2, 3, and 
4 are seen inclining at nearly the same angle and holding a lower position than the 
lignite beds, is sufficient evidence that the strata inclosing the lignite beds are newer 
than cretaceous. A few obscure dicotyledonous leaves were found, which belong rather 
to tertiary forms than cretaceous. 

The connection of the lignite deposits on the Upper Missouri has been traced unin- 
terruptedly to the North Platte, about eighty miles above Fort Laramie. 

They then pass beneath the White River tertiary beds, but reappear again about 
twenty miles south of Polo Creek, and continue far southward into New Mexico. 
Near Red Buttes, on the North Platte, it seems also probable that the same basin continues 
northward along the slope of the Rocky Moimtains nearly or quite to the Arctic Sea. 
Whether or not there are any indications of this formation over the eastern range in 
the British possessions, I have no means of ascertaining, but the Wind River chain, 
which forms the main divide of the Rocky Mountain Range, exhibits a great thickness 
of the lignite tertiary beds on both eastern and western slopes, showing conclusively 
by the jfracture and inclination of the strata, that prior to the elevation of this ran^e, 
they extended uninterruptedly in a horizontal position across the area now occupied 
by the Wind River chain. Passing the first range of mountains in the Laramie Plains, 
we find that the Big Laramie River cuts through cretaceous beds, Nos. 2 and 3, con- 
tinuing our course westward to Little Laramie, a branch of the Big Laramie, and No. 
3 becomes fifty to one hundred and fifty feet in thickness filled with fossils, Oatrea corv- 
gesttty and a species of Inoccramus, At Rock Creek, about forty miles west of Big Lar- 
amie River, the lignite beds overlap the cretaceous, but in such a way as to show that 
the more inclined portions have been swept away by erosion, and that the red beds and 
carboniferous limestones once existed without break and in a horizontal position across 
the Laramie Range prior to its elevation. 

I cannot discuss this matter in detail in this article, but the evidence is clear to me 
now, that all the lignite tertiary beds of the West are but fragments of one great basin, 
interrupted here and there by the upheaval of mountain chains or concealed by the 
deposition of newer formations. 

When I wrote the article on the lignites of the West, all my own inves- 
tigations pointed strongly to the conclusion that no coal beds of any 
great value, in an economical point of view, would ever be found in the 
West in formations older than the tertiary. When my large collections 
of vegetable and animal remains from the coal beds in Wyoming, Colo- 
rado, and Kew Mexico, now deposited in the Smithsonian Institution, are 
carefully studied, I can speak with more confidence on that point. 1 can 
say just here that I have as yet seen no reason to change that opinion 
so far as my own observations are concerned. 

In the spring of 1868, Professor Lesquereux, who is so justly celebrated 
for his skill in the study of fossil plants, sent me the following valuable 
notes as the result of a preliminary examination of some leaf impressions 
from the coal deposits in various parts of the West. His conclusions 
seem to confirm my opinions that all these coal formations are of tertiary 
age. 

SPECIES FROM BOCK CREEK, LARAMIE PLAINS. 

1. Populus attenuata, Al. Braun. The identity of these leaves with the European spe- 
cies is undoubted. 

2. Populus Icdvigata, sp. nov., related to P. hahamoides, Gopp., a species which, like 
the former, is abundant in the miocene of Europe. 
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3. Papulus 8ubrotund£Lsp, nov. Tyi>e of neuration of P. melanariay Heer, and form of 
leaves of P. mutaUUs, Heer, both species also common in the miocene of Europe. 

4. Qttercus acrodon, sp. nov., a fine oval leaf resembling a chestnut leaf, related to 
Quercua prinoides, Wild, of our time. 

5. Quersu8 haydcni, sp. nov., lyrate leaf with lobes strongly dentate, without near 
relation to any species either of the tertiary or of our time. 

C. Platanua, aceroides, Gopp., one of the most common species of the miocene of Europe. 
It Li closely related to, if not identical with, P. ocddentaliSf X., of our time. 

Marshall's mine (near Denver.) 

1. Quercus ckhrophylla, Ung. Three specimens of this species have been figured and 
desci'ibed in my paper, ** On species of fossil plants from the tertiary of Mississippi," 
(Trans. Phil. Soc, vol. 13, pi. xvii, figs. 5, 6, 7.) It is still uncertain if these leaves rej^ 
resent a quercus^ but all belong to the species described and figured by Heer under this 
name, and common in the whole, thickness of the European miocene. 

2. Quercus lydli, Heer, also figured in the above paper, pi. xvii, fi^. 1, 2, 3. Though 
the specimen is somewhat obscure, the essential characters which distinguish the species 
are well discernible. It is abundant in the Bovey Tracy lignite formations of England, 
lower miocene. 

3. Cinamomum affinCj sp. nov. This species is also found at Raton Pass. The leaf from 
Raton Pass is smaller and might belong to a different species, but except the size I do not 
find ground for separation ; very near C. miasissippiensiSf Lesq., and juso Qlosely related 
to G. buchif Heer, of the lower miocene of Europe. 

4. Cornus incompUtuSf sp. nov. A part of a leaf apparently round at the top, general 
outline uncertain. It is figured merely for ftiture relerence. By its peculiar nervation 
this leaf appears in close relation to, if not identical with, Cornus rhamnifolius, Web. 
Pretty common in the lower miocene of Europe. 

5. There are in the Marshall's shales a few fragments of maple leaves (acer) specifi- 
cally undeterminable, and also one winged seed of this genus. This seed has a narrow 
straiglit wing like that of Acer trilobatum, Heer, but witn smaller nutlet. 

6. liliamnus salicifolia, sp. nov., in soft sandstone ; related to £. marginaiuSf L^q., and 
and also to IL caroUnianuSj Walt., now living and abundant in southern swamps. 

7. Juglans rugosus, sp. nov., very nearly related to J, (icuminataf Al. Braun, a species 
extensively distributed in the European miocene. 

8. JEchitonium sophUs, Web. The leaf has no visible nervation, but it is exactly like 
both the forms represented from European specimens. It is found in the whole miocene 
of Europe, especially in the lower stage. 

9- Phyllites suIcatuSf sp. nov. The borders of the leaf are destroyed, but the nervation 
is qiute peculiar. It is referable either to a Rhodora like E, canadensis of our time, or 
represents merely the lower part of the winged petiole of the fruit of a linden, (lUia,) 

10. Lygodium compactunif sp. nov. Though many species of lygodiums are described 
from the tertiary of Europe, none are related,to ours. One lobe of a leaf only is presented, 
and the general outline of the leaf ia therefore unknown, but the nervation, which is 
very close and more like that of a Keuropteris, is of a peculiar character. 

.LIGNIIE beds near golden city, COLORADO. 

1. Magnolia tenuinei'vis, sp. nov. Not possible to indicate the general form of the leaf 
of which a part only is presented. Its thin and sharp secondary neives distinguish it 
from any other fossil species. 

2. Lathrwa arguia, sp. nov. May be a Pecopteris, No relation observed of any known 
species to this one. 

RATON PASS, specimens COLLECTED BY DR. LECONTE. 

1. Berchemia pareifoliaj sp. nov. Related to B. mulHnervis of the European miocene, 
but still more like our Berchemia voluUlis which fills the southern swamps. The basilar 
pa^ of the leaf is not seen and therefore a satisfactory determination is not possible. 

2. AMetites duUuSj sp. nov. 

Most of the specimeas from Raton Pass have some remains of leaves or branches of a 
ooDiferous species which can be referred, perhaps, as well to the genus Araucaria as to 
Sequoia or Abies. As the leaves on the branchlets appear evidently placed around the 
stems and not on both sides of it, and as the scars left on the bark are of the same form 
as those of an Abies, I place these remains in this genus till they may be studied on bet- 
ter specimens. The leaves are pointed as in Taxttes dubiut, Gopp., from the tertiary of 
Europe :" except this, these remains have no analogy with ai.y other, published or figured. 

3. Eckitonium sophia, Web. A small fragment exactly like those of Marshall^ coal 
bed and a specimen of Cinnamomumaffinef a&eady mentioned, from the Marshall's shales. 
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UITER END OP PURGATORY CAKON, DR. LECONTE. 

1. Bhamnus obavatus, sp. nov. All the specimens are from the same place^ and all con- 
tain fragments of the same species, and none of any other. This species is peculiar by 
the form of the leaves; it has the character of a Khamnua but the secondary nerves arc 
closer and more numerous than in any other species of the genus, even more so than in 
a Berchemia. I do not know of any fossil plant comparable to this. 

From this short report on your fossil plants examined till now, it is easy to draw 
some general conclusions. 

From Rock Creek we have only six species. Two are identical with species from the 
miocene of Europe, and one of them, Platanua OiCeroidesAs not distin^ishable from our 
P. oocidetitaHs. Two other species are closely allied to European tertiary species. And 
of the two others, one is an American type related to Quercus prinoidea, still in our flora, 
the other a peculiar and lost type. The appearance of this florula is quite modem. 
This may be the result of geographical circumstances. Poplars and Jbuttonwoods live 
together in the bottoms of rivers, and therefore I may mistake in believing this Rock 
Creek formation more recent than that of Marshall's. In any case it is certainly tertiary 
and has no plants of an older formation. 

In MarshaH's (coal bods) we find only ten species of fossil plants, two Qvercua and one 
Eckitonium apparently identical with miocene species of Europe, one Bhamnv,8, closely 
related to a living species of ours, and at the same time to a fossil species of the lignite of 
Mississippi, one CarnuSf one JuglanSy and one Cinnamomumy all related to miocene species, 
and the la«t one also closely allied to a species of the Mississippi tertiary; undetermin- 
able leaves of maple, seeds of the same genus, a Lygodium and an undeterminable Phyl- 
lUes complete the list. These plants have, therefore, all of them, the character of ter- 
tiary plants. The general aspect of the Marshall coal flora is that of the Mississippi 
Ugnite, which I consider as either lowest miocene or eocene. In this I am much pleased 
to find my views so well agreeing with yours. 

The materials obtained from the strata of Golden City, Raton Pass, and Purgatory 
Canon, are too scanty to permit considerations in regard to the geological positions of the 
strata which have furnished them. No Abies has yet been described from tertiary strata, 
but with these broken remains of a conifer of uncertain genus, the shale of Raton Pass 
has a Bcrcliemia, which is a tertiary plant, and a leaf of EchiUmium, and one of CiniKXr 
mamum identical with specimens found at Marshall's. 

In conclusion, I beg leave to say, that while I have the most profound 
respect for the labors of my fellow geologists in the same field, I differ 
with them somewhat, simply because the evidence, to my mind, points in 
a different direction. In various portions of the Laramie Plains, Col- 
orado, Eaton Hills, &c., I have observed between the well-defined cre- 
taceous and tertiary beds a group of strata composed of thin layers of 
clay, Avith yellow and gray sands and sandstones, which I have called 
transition or be'ds of passage. If in these beds I were to find some purely 
marine remains, even inoceramus or baculites, I should then call them 
transition beds, in accordance with the evidence of the continuous un- 
interrupted growth of the continent from the cretaceous through the 
tertiary period. There is no proof, so far as I have observed, in all the 
western country of true non-conformity between the cretaceous and lower 
tertiary beds, and no evidence of any change in sediments or any catas- 
trophe sufficient to account for the sudden and apparently complete de- 
struction of organic life at the close of the cretaceous period. In all 
my examinations of the coal formations over so vast an area, I have never 
yet seen a trace of a cretaceous fossil in any strata above the coal. One 
of the most important practical questions for solution in the west is, 
whether these coals can be rendered useful for smelting ores. To aid in 
the solution of this question, I have appended the following analyses of 
the coals from various portions of the West. 

Mr. J. P. Carson, my assistant on the United States geological sur- 
vey, 1868, made the following analysis of a fair specimen of the coal 
from the Carbon min es, Northern Pacific railroad. 

Moisture at lOOo P 11.60 

Volatile combustible matter 27.68 

Fixed carbon '.., 51.67 
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Ash.... 
Sulphur 



6.17 

2.88 



Color of ash, light gray. Specific gravity, 1.37. Weight per cubic 
yard, 2,212 pounds. 

My assistant, Persifor Frazer, jr., in the United States geological sur- 
vey of Colorado and New Mexico during the past season, has made the 
following analyses o/ coals along the line of the Union Pacific railroad. 
They were made with great care and I have the most perfect confidence 
in their accuracy : 

Coul from mine at Point of Rocks : 

Per cent. 

Carbon 64.70 

Ash 4.40 

Sulphur : 0.42 

Water and volatile substances 30. 48 

Total , 100.00 

» 

Coal from Rock Creek : 

Per cent. 

Carbon.... 61.34 

Sulphur 2.00 

Ash \ 1.50 

Volatile substances and -water 35.16 

Total 100.00 

Coal from Black Buttes : 

Per cent. 

Carbon 71.64 

Sulphur 2.00 

Ash 2.50 

Volatile substances and water 23. 86 

Total 100.00 



Coal from the Evanston mine was tested for its carbon alone and found to contain 
carbon, 72.16 per cent. All these coals resemble in their physical properties those 
met with along the route of the Colorado and New Mexico survey. 

I take the liberty of quoting in this connection the following analyses 
of coals from the admirable report* of my friend Doctor J. H. LeConte. 
I found this report, as well as that of Doctor IN'ewberry, of great service 
to me in my explorations during the past season : 



Locality. 



1. KEW MEXICO. 

Vermejo Cafion 

Placer anthracite 

2. COLORADO. 

Murphy's, near Denver 

Marshall's, near Denver a 

CoalCreekt 



ITixod 
carbon. 



59.72 
88.91 



55.31 
59.20 
57.70 



Volatile 
material. 



23.73 
3.18 



29.07 
26.00 
19.30 



Water. 



a27 

2.90 



11.70 
12.00 
20.00 



Ash. 



13.28 
5.21 



3.95? 
2.80 
2.00 



* Notes on the geolojjy of the survey for the extension of the Union Pacific Railway, eastern division, 
from the Smoky Hill River, Kansas, to the Rio Grande, by John L. LeConto, page 58. 

t The analyses of the Marshall coal and that of Coal Creek were made by Doctor Torrey, and aro 
copied from Doctor Hayden's paper in Silliman's Journal for March, 1868 
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Locality. 



3. PACIFIC COAST. 

A. — Cretaceous. 

Bcllingham Bay, "Washinffton Territory 
Kanaimo, Vancouver's Island 

B. — Tertiary. 

Coos Bay, Oregon 

Mount iJiablo, California 

Do 

Do ; 

Do 

Do 



Fixed 


Volatile 


Water. 


carbon. 


material. 


45. G9 


1 

33.26 


8.39 


4G.31 


32.16 


2.98 


41.98 


32.59 


20.09 


40.65 


40.36 


13.47 


46.84 


33.89 


14.69 


44.92 


40.27 


13.84 


44.55 


37.38 


14.13 


36.35 


35.62 


20.53 



Ash. 



12.66 
18.55 



5.34 
5.52 
4.68 
0.97 
3.94 
7.5« 



German tertiary coaU, 



Variety. 



Fibrous, (faserige) 

Earthy, (erdige) 

Laminated, (muschligc) 



Carbon. 



43 
56 
60 



Hydrogen. 



1 
2 
3 



Combined 
water. 



31 
22 
17 



Hygroscopic 
water. 



20 
20 
20 



The ash is neglected iu the foreign analyses, but is stated to average from 5 to 10 
per cent. When first mined, the German brown coals contain frequently nearly 50 
per cent, of hygroscopic water, wliicb by drying is reduced to 20 or 25 per cent. 

The absolute heat effects of the German coals are given as follows : 



Variety. 

» 

Fibrous 

Earthy 

Laminated 




Kiln-dried. 



.63 
.76 

.84 



The data obtained by Professor Brush by the reduction of oxide of lead, when 
placed in a decimal form, pure carbon being unity, are : 

Vermejo Canon 67 

Placer anthracite / 91 

Denver, (Murphy^s) 60 

The following are analyses of water from springs, &c., by Mr. P. Frazer, 
chemist and mineralogist to the United States geological survey of 
Colorado and New Mexico: 

While in Rawling's Springs I was employed b^ the Union Pacific Railroad Company 
to examine the waters Irom various springs, which incrusted the boilers of locomotives 
and stationary engines of the company, as well as of coals from the principal coal-beds 
on the line of the road. The result of these analyses I append : 

Scale from tlw boiler of an engine in the machine 8h<^ at Rawling's Springs. — This scale was 
of a dark color due to impurities in suspension in the water. It consisted of the 
chlorides of i)otassium and sodium, the sulphates of lime and magnesia and the silicate 
of alumina. The major part of the soluble matter was composed of salt and gypsum. 
Some water from a salt pond in the Black Hills, some distance from Sherman, was 
analyzed and found to contain chloride of sodium, chloride of potassium, the carbon- 
ate of soda, and. some alumina. 

Boiler scale from locomotive running hetiveen Rawling's Springs atyA Bryan. — This scale was 
of a gray color, but proved to be of the same chemical constitution as that previously 
given, viz^ chlorides of potassium and sodium, sulphates of lime and magnesia, and the 
silicate of alumina. 



MINES AND MINERALS OF COLORADO. 



Bt Persifor Frazbb, Jr. 



Denteb, Colorado, October 15, 1869. 

Sir : I have the honor to report that the examination of the minerals, 
and the means employed to utilize them, in the Territories of Colo- 
rado and New Mexico, which you directed me to make, has been con- 
ducted as well as the very limited time at my disposal would permit, and 
a preliminary report of the results is herewith respectfiiUy submitted. 

In the letter accompanying the first report to the Secretary of the 
Treasury by the commissioner appointed to collect the same kind of in- 
formation jfrom the country lying west of the Eocky Mountains, Mr. 
Browne urges that the six months which were prior to the meeting of 
Congress would not permit of any but a most imperfect treatment of 
the subject, and limits himself to sketching an outline of the work to be 
done. 

The same is true in a much greater degree of the few weeks in which 
I was obliged to gather the materials for this report, especially as the 
greater portion of the time was spent on the marcn, remote from all 
points where statistics were accessible. 

Any report of the condition of mining affairs in the Territories of 
Colorado and New Mexico, (each of which is larger than all the New 
England States put together,) and in particular of the former, which 
counts its discovered lodes, the varieties of its minerals, and its mining 
enterprises, by thousands, and in which energetic capital and intelli- 
gence, "ever striving through darkness to the light," are working such 
incessant changes, must represent things as a telescope represents the 
stars, not as they are or ever were, but this as it was last week and that 
as it was last year. 

In consideration of these difftculties, I venture to hope that you may 
regard all shortcomings more leniently, and that the following, though 
far from complete, may not altogether fail to answer the requirements 
of Congress. 

In conclusion, I would caU attention to the great courtesy and kind- 
ness I have experienced in the course of my investigations from the 
citizens of the two Territories generally, the owners and superintend- 
ents of the various mines and mills, the possessors of cabinets of min- 
erals, &c., and the of&cers and their families stationed at Forts Union 
and Garland. 

Especially do I thank Mr. J. Alden Smith, the mining editor of the 
Central City Eegister ; Mr. D. J. Ball, of Empire City; Colonel An- 
derson, of the I^Bal Dolores ; and Mr. Cheever, of the Brown Mining 
Company in Georgetown, for the assistance, in a professional way, which 
they have rendered me ; nor can I forget the kindness of Mr. Marshall, 
of Bla<5k Hawk, and Mr. Schultz, of Central City. 

Where it wagi not possible for me personally to inspect the mines of 
which I have spoken, I have in every case stated that the informa- 
tion is given on the authority of others. 
I remain, sir, with great respect, 

PERSIFOR FRAZER, Jr., 

Mining Engineer. 

Dr. F. y. Hayden, United States Geologist. 



X 
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A natural division of the subject about which information has been 
sought would seem to be; I, the minerals, and II, the mines of Colorado 
and New Mexico; and these again into 1. 1, the minerals of commercial 
value, and 1. 2, those of no commercial value, but more or less character- 
istic of the rocks or formations in which they occur. 

The mining portion of this report would have been better divided into 
11. 1, gulch or placer mining, and II. 2, lode or legitimate mining, while 
under the latter head the subject would naturally divide itself into a, the 
methods in use for getting out the ore and taking care of the mines; 6, 
the dressing of the ores by mechanical processes ; and c, the chemical 
treatEient of the ores, their reduction and preparation for the market, or 
shipment out of the Territory. This would be a natural division of the 
subject, but the time, and, consequently, the opportunities of observation 
have been so insufficient for the above thorough treatment of the subject 
that I have deemed it better to forward to you, as my part of the pre- 
liminary report, only the notes I have made in the field, with a few 
observations on various points connected with the subject. 

In a belt, of which it would be difficult to define the limits, but which 
may be generally stated as lying east and west of the great continental 
divide as far as the gneiss or granite extends, and reaching north and 
south as far as investigation has made the Eocky Mountain chain known 
to us^ lie the ores of the precious, and some of the baser, metals. Of the 
distribution of this great mineral wealth throughout the hundreds of 
leagues of this belt very little is known, the small area which has become 
the prize of the gold-seeker furnishing wholly insufficient data upon 
which to base general conclusions. 

To begin with^ the rock in which occur all these lodes is that which 
carries the precious metals, with rare exceptions, the world over, and 
which is either a granite or a gneiss, or, as in the Central City district, 
such an inextricably confused mixture of both that it were impossible to 
call it either. This is the country rock. Whether from the great changes 
to which this rock has been exposed through countless ages, or whether 
from other causes, it shows itself in most various forms at different 
places, and passes by imperceptible phases through gneiss, granite, sye- 
nite, and porphyry. This porphyry is perhaps more frequently observed 
in the neighborhood of veins. 

A fine illustration of the irregularity with which these rocks succeed 
each other is to be observed along the road from Mount Vernon through 
Idaho City to Georgetown. Along Clear Creek, from Fall Eiver to 
Georgetown, the inclination and direction of the rocks appear to be as 
variable as their structural character, a general northwesterly dip being 
perhaps most common, while red and gray, heavy-bedded, and thinly- 
laminated gneiss and red and gray granite succeed each other in utter 
confusion. Here and there a vein of quartz or quartz-porphyry or sye- 
nite (very frequently auriferous) is visible, forming a light-colored streak 
usually down the sides of the opposite hills. This composite character 
of the country rock has been noticed, as 1 am informed, in most, if not 
all, of the mining districts, and on both sides of the Sierra Madre or main 
range. The gangue rock is most frequently quartz, which, of course, 
assumes very difterent appearances at different places, both in texture 
and in color. In some cases the gangue rock is porphyry more or less 
weathered. (Brown Lode, West Argentine, ct aL) 

The minerals of Colorado of commercial value which are most widely 
distributed are auriferous iron and copper pyiites, (malachite and the 
sulphates of iron and copper from their decomposition, though nowhere 
in large quantities, being spread over wide areas,) zincblende, argent- 
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iferous galena, brittle silver ore, fahlerz, specular iron, hematite and 
magnetic pyrites, cerussite and anglesite, native gold and silver, born 
silver, embolite, (confined chiefly to the neighborhoods of Georgetown 
and Snake Eiver, 1 believe, as far as yet ascertained,) titanic iron ore, 
micaceous iron ore, spathic iron ore, Smithsonite, copper glance, coal 
and Albertine coal. These comprise the principal ores which I have 
observed, but time and more thorough search Avill undoubtedly disclose 
to the mineralogist, if not to the metallurgist and miner, many as yet 
hidden treasures. 

. Gilpin County and the region about Empire are rated as gold fields, 
and the values of ores from these and some other districts are given in 
ounces of gold per ton; whereas the adjacent country around George- 
town, abounding as it does in argentiferous galena and silver glance, 
(called simply " sulphuret,^) has the number of ounces silver per ton as 
its standard. In some few veins, as the Whale Lode near Idaho City, 
the values of the gold and silver present in the ore are nearly equal. 
A more detailed specification of the ores follows: 

Iron pyrites, (FeSa.) — Almost universal in the mines. Occurs in 
cubes from the size of a pin's head to those of an inch on the sides. Also 
in pentagonal dodecahedra. 

Copper pyrites, (Cu2S+FeS2.) — Is only second to iron pyrites in the 
frequency of its occurrence.* 

Zincblende, (ZnS.) — Is also very common, especially in the Georgetown 
region. Fine specimens were obtained from the Baker Lode, West Ar- 
gentine and the Griffith Lode, close by Georgetown. Also from Gilbert's 
(formerly Commonwealth Mining Company) Lode, near Nevada City. 

Galena J (PbS.) — Usually argentiferous. In all the lodes in the vicin- 
ity of Georgetown. Contains from one hundred to six hundred ounces 
silver per tou.t 

Brittlesilver ore, (Stephanite SAgS+SbaSa.) — Occurs in thesilver mines 
of Georgetown. (Terrible and Brown lodes.) 

Fahlerz, [(4RS+4Cu2S) QS3.K=Fe, Cu, Zn and often some Ag and 
Hg = Q=Sb and As.] — Also in the region around Georgetown. The 
formula here given are from Naumann's Mineralogy. I am not aware 
that Hghas be^n discovered in this ore, but as it coincides in its phys- 
i(jal properties with the ordinary fahlerz, I append the above formula. 

Light ruby silver, {Proustite,) (SAgS.AsSa); Bark ruby silver, (Py- 
rargyrite,) (3AgS. SbSa.) — ^Handsome specimens of these two ores were 
observed intermixed with the galena from the Brown Lode. Also from 
Snake Eiver. 

Silver glame, ( AgS.) — ^From the Georgetown neighborhood. Equator 
and Terrible lodes. A ton of galena, containing much of this ore, 
was recently sold by a gentleman of Central City to Professor Hill for 
$1,900 cash, and the latter realized a profit of $700 from it. 

* Both iron and copper pyrites of this region contain gold in indefinitely fine particles. 
The fonuer is, in fact, tlw gold ore. Where these minerals have been exposed to the 
action of the weather, they have been decomposed and the gold set free. The value of 
the gold in a ton varies from nothing to five hundred dollars, and oven more. I have 
observed small octahedra of gold on the crystal faces of iron i>yrites from the Pleasant 
View mine near Central City. 

t It is somewhat remarkable that these veins of galena generaUy " pinch up " or grow 
smaller as the depth increases. I ta^e this general statement from the best authority I 
could obtain on the subject. A gentleman well acquainted with the Georgetown ores 
informed me that all attempts hitherto to produce lead for the market had failed from 
deficiency in the supply of galena. This statement, which I give for what it in worth, 
appears all the more remarkable when one compares it with the experience of miners in 
lYeiberg, Przibram, and Clausthal. 
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Copptr glance. (Cu^S.) — Bergen district, near Idaho City, Pleasant 
View, &c. 

. Malachite^ {GxiO .QO^y) Blue vitriol^ (CuO.SOa+SHO;) Oreen vitriol^ 
(CuO. 8O3+7HO.) — Occur in various mines from the decomposition ol 
the pyrites. 

Pyromorphitej (PbO.POs+PbCl.) — ^Associat^ with the galena of va- 
rious mines near the surface. 

Specular ironorCy (FeO.Fe^Os.) — Cache d, la Poudre, St. Vrain's, &c. 

Red and brown hematitCy (re203andEe203+HO.) — Of frequent occur- 
rence in the vicinity of the coal. • 

Coal. — Beds of coal occur all along the flanks of the mountains, 
but in the property of Mr. Marshall are perhaps the best exposures 
Here are no less than nine outcrops. They make their appearance at 
various points along the range as far down as Santa F6, and are of un- 
known extent. AJbertine coal, or solidifled petroleum, is stated by Prof. 
Denton to occur on White Eiver, in the western part of the Territory. 

Gold, — Occurs in the neighborhood of Central City, in the German 
lode, and many others. In the Placer diggings. Some beautiful crys- 
tals attached to cubes of iron pyrites in ihe ore from the Pleasant View 
mine. 

Silver. — ^In many mines as wire or hair silver, Brown and United 
States Coin lodes. 

CertissitCj (PbO. CO2.) — Pleasant-View mine. — ^In small translucent 
crystals occurring in geodes. 

Anglesite, (PbO . SO3.) — Freedland lode, Trail Eun. 

Horn silvery (Ag CI.) — Georgetown, Snake Eiver. 

MmboUtey (AgBr4. AgCl.) — ^Peru district. Snake River. 

Titanic iron ore^ {x Ti203+y Fe203.) — Quartz Hill, and Eussel Gulch, 
near Central City. 

Micaceous iron ore, (Fe203.) — Elk Creek. In fine crystals like mica. 

Spathic iron ore, (FeO . CO2.) — Eureka and Griffith lodes, &c. 

Smitlisonitey (ZnO . CO2.) — Eunning lode, Blackhawk, &c. 

Salt, (KaCl.) — ^From Salt Springs in South Park, twenty miles south- 
east of Fairplay. Can produce forty thousand pounds per diem. 

By characteristic minerals, I mean to include all those that have no 
commercial value. They furnish proof, in most cases, of thejpresence 
of other minerals, of rocks or of formations. Of the characteristic 
minerals, among the most common are — 

Hydrated oxide of iron, (brown ochre, yellow ochre, bog iron ore, &c.) — 
Occurs with the coal beds at South Boulder, Golden City, &c., &c., and 
is frequently regarded as a surface indication of the presence of gold, 
silvef" and the precious ores generally. 

Qwirtz, (Si03.) — ^The most important of the characteristic minerals. 
Very widely diffused. Forms the gangue of nearly all the veins of the 
pi"eeious metals in Colorado. As gangue rock it crops out on the hill 
sides in white or colored streaks, usually intersecting the planes of strati- 
fication of the rocks. Uncrystallized, presenting sharp and jagged edges, 
and ar broken conchoidal uneven fracture, sometimes weathered by the 
disintegration of the minerals it contained. Pebbles and partially 
rounded crystals of quartz are abundant in the prairies east of the 
Eocky Mountains, whence they have been carried down, and may be 
observed hundreds of miles east of the easternmost " hog-back.^ Indeed, 
the abundance of these small pebbles of quartz and of the red feldspar 
is very remarkable, occurring as they do in gTeat quantities on the 
summits of the little prairie hillocks at such an immense distance from 
their place of origin. ^ 
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1. Smoky quartz and blaclc quartz. — ^Elk Creek. 

2. Eock or Berg crystaL — ^Near '^ Dirtywoman's Ranch,'' and in geodes 
in various mines. 

3. Rose quartz. — Quartz Hill. 

4. Agate, (moss agate, &c.) — ^Middle Park, Arkansas River Park, &c. 

5. Amethyst. — Nevada City, Mill City, &c. 

6. Aventurine. — Elk Creek. 

7. Heliotrope, (bloodstone.) — Middle Park. 

9. Camelian. — South Park and Middle Park. 
30. Chalcedony. — South Park, Trout Creek Pass, &c. 

11. Chrysoprase. — ^Middle Park. 

12. Jasper. — South and Middle Parks. 

13. Onyx. — Middle Park, Grand River, &c. 

14. Sardonyx. — Golden City, Mount Vernon. 

Homstone, flint, milk quartz, prase, catseye, firestone, and other 
different varieties of silicic acid, are met with in the above localities, but 
have no especial interest. 

Opaly (hydrated silicic acid.) — ^Idaho City, Golden City, South Boul- 
der, &c. 

Feldspar. — ^Very abundant in the mountains and as boulders and 
pebbles throughout the Territory. Associated with quartz in the granites, 
gneisses, and i)orphyries of the gold-bearing mountains. 

a, Orthoclase ( AI2O3 . 3Si03 + KO.SiOs) is largely the predominant 
feldspar in the rocks of Colorado. 

a 1. Pegmatolite. — Flesh-red, orthoclastic, abundant as pebbles, scat- 
tered with quartz over the prairies for hundreds of miles. Forms red 
granites and gneisses with quartz and mica, and red syenites with horn- 
blende. Very common. 

a 2. Adularia. — Forms a white porphyry when associated with quartz 
in many places along Fall River, and in many veins. Not common. 

a 3. Sanidin. — ^Fine crystals of hopper-shaped sanidin from Quartz Hill. 

b. Plagioclastic feldspars. 

h 1. Albite, ( AI2O3 . sSiOs + ^aO . SiOo.)— Trout Creek Pass. 

b 2. Oligoclase. — Arkansas Rive? Park, &c. 

b 3. Labrador, (AI2O3 . SiOs + CaO . SiOs.) — In the basalts and diabases 
of the region about th6 Spanish Peaks, Trinidad, the upper part of San 
Luis Park, and the Puntia Pass. 

Hornblende^ (silicate of lime, magnesia, and suboxide of iron). — In the 
syenite in and around Idaho. 

Diorite. — ^Near Empire City and elsewhere. 

Garnet, — South Park, twenty miles from Fairplay. Breckenridge. 

Mica] (KO . Si03 + AI2O3 . SiOj -f RO . SiOg.) 

1. Potash mica. — Light colored. Frequent in the gneisses of Gilpin 
and other counties. 

2. Magnesian mica. — ^Dark colored. Frequent in the gneisses of South 
Park, Trout Creek Pass, &c. 

Leucite^ (AI2O3 . SiOs 4..KO. SiOs.) — In trachytic lava between the 
Cuchara and the Apishpa. 

Chlorite. — In diabase, near Trinidad. 

Amphibolej (augite). — In basalts, near Trinidad, and diabase near 
Apishpa. 

Bpidote, (CaO . Si03 + [AI2O3 + Fe203] SiOg.)— Trail Creek. 

Tourmaline. — Guy Hill. 

Calc sparj (CaO . C02.) — ^Very widely distributed. Idaho, &c., &c. 

Ghypsmny (CaO . SO3 + HO.) — Interstratified in the new red sandstone 
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or triassic beds. Soutb Park, &c. Also, accompanying the coal in tLin 
scales. 

Anhydrite. — Elk Creek. 

Salt^ (NaCl.) — In solution in many springs. As deposit on rock<s in 
their vicinity. 

Heavy spar, (BaO . SO3.) — As gangue rock in many mines. Baker 
lode, &c. 

Meteoric iron, — Found near Bear Creek. 

Beryl, (Al203.2Si03 + GI2O3 2Si03.)— Bear Creek. 

Brucite, (MgO . HO.) — James Creek. 

luocrase, [(CaO + MgO) SiOgj— Bear Creek. 

fLAPORTE ON THE CACHE A LA POUDRE. 

The town lies on both banks of the above creek. The appearance of 
the country is that of a number of superposed layers or strata dipping 
from the mountains, and presenting a steep and more or less rugged 
basset face toward them. The caiion along which the river makes its way 
througli these "hog-backs" intersects the latter nearly at right angles. 
We followed tL caiion to the north of that of the river, and rode twelve 
miles to the extremity of the bluff on the left. The bluff to the right 
hand was broken, and exhibited a clearly defined stratified side with 
red sandstone, limestone, and conglomerate succeeding each other in 
the order named. 

On turning the extremity of the bluff to the right we came upon a 
very weathered syenite region remarkatble for the redness of its talus. 

The mineral veins which our guide brought us to see were all situated 
within an area of a square mile or so, in these syenite hills. 

The first proved to be a dike or vein of syenite intersecting an older 
rock of the same, which showed on the suiface a very thoroughly decom- 
posed rock, containing an excess of iron, AA^hich gave it a specific gravity 
rather higher than usual and a dark brown color. Hornblende pre- 
dominated in the rock. There Were here and there traces of various 
ores of copper, and lining the walls of the small cavities in the rock 
was observed a thin film of gypsum and chloride of sodium. This spot 
w as situated upon the east bank of the North Fork of the Cache k la 
Poudre, and about three hundred feet above that stream. 

The next opening w^e visited was about half a mile northwest, and 
was called Maxwell's opening. This was again a dark-colored, not very 
distinguishable syenite, coated with malachite, and more or less per- 
meated by copper pyrites. The opening was seven feet deep and the 
crevice four or five feet wide, and the two pay streaks situated, the one 
against the south wall rock, and the other about thirty inches there- 
from. The ore becomes harder and more solid the deeper it is found. 

Hole No. 3 was three hundred yards from No. 2. It was about four 
feet deep, two and a half inches wide, and four feet long. The rock was 
silicious and intimately mixed with a yellowish clay, which, with the 
reddish tinge due to the oxide of iron, gave the whole mass a copper 
color, which probably misled the prospectors and caused the digging of 
the hole. A little copper pyrites was observable and a very little ma- 
lachite. 

Hole No. 4 had been sunk by some Frenchmen fifteen feet deep, three 
and a half feet wide, and five feet long. The rock described as compos- 
ing No. 3 occurs with a curious slag-like silex containing very plain 
pseudomorphs of cubes of iron pyrites. In this ore was a little copper 
»Tnites and malachite. 
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Lastly we emerged upon a precipitous narrow dike of quartz por- 
phyry overhanging the before-mentioned creek on its right bank, and 
forming an abrupt wall of one hundred and fifty feet above its bed. The 
crystals, both of quartz and feldspar, were very large, averaging the 
size of a man's hand. The quartz was standing transparent and milky, 
while the feldspar was of the true flesh-red color common to typical peg- 
matolite. 

BOULDER CITY, JULY 5. 

Obtained specimens of ores from leads ten miles from this place up 
the James Creek. A fine solid specimen of argentiferous galena was 
given to me from one foot beneath the surface at the intersection of the 
Buckhorn and Big Thing lodes. Mr. Arnett, the owner of the claim, 
states that this ore runs from $125 to $200 per ton in silver, and $300 
in gold. I also obtained a specimen of very fine-looking ore from the 
Horsefall mine, ten miles from Boulder City, in Gold Hill. 

Near Boulder City, on the property owned by Mr. Marshall, occur some 
fine exposures of coal, which have been visited by Dr. J. LeConte, and 
examined subsequently with much care by yourself, so that a special 
report from me upon them would be superfluous. I will confine myself, 
therefore, to the mere statement that, in a distance east and west of a 
couple of miles, there are eleven exposures of very excellent coal, at least 
nine, of which would seem to promise rich rewards for the working. The 
mining which has as yet been done, was merely to fix the location and 
investigate the extent of the veins, as well as that could be doue at the 
surface. The beds appear to be large enough to yield with proper appli- 
ances a thousand tons a day for an indefinite time. The commercial 
value of this coal when the country is a little more settled can hardly be 
overestimated. The color is a dark brownish or bluish black, with a high 
luster and low specific gravity. It breaks, as does all of this recent coal 
which I have observed along the flanks of the Eocky Mountains, with 
the exception of the rare anthracite, into parallelopipeda. This friabil- 
ity is annoying to the smelter, who finds that it chokes up his grate bars 
and stops the draught, but it has been successfully combated in the works 
of Professor Hill, of Blackhawk, by the use of the staircase furnace. 
This coal contains very few impurities, and can be and is used in the 
blacksmith's forge without previous coking. Specimens have been pro- 
cured from these various veins and will be analyzed at the earliest oppor- 
tunity and the results submitted to you.* 

GOLDEN CITY. 

Golden City is situated nearly west from Denver, on a gently sloping 
plain at the inner extremity of the caiion between two singular mesas or 
table mountains of igneous rock, capped, like the innumerable mesas fur- 
ther south, with thick slabs of basalt. The western border of the beau- 
tiful valley in which Golden City is built, is formed of the gneissic rocks, 
upon which rest the triassic (partly variegated and partly white) beds, 
and then follow the Jurassic and cretaceous, but ill-defined on account 
of the unbroken grassy sward which usually conceals them. The dip of the 
tertiary beds is here beyond the vertical, so that they seem to incline 
toward the mountains. There is a lead of silica in a state of fine divi- 
sion which has been opened on a hill of triassic. On the west side of 

*1 forward to you as a sapplement to this report analyses of some coals from 
Wyoming Territory, and hope to add the Boulder coals thereto shortly. 
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a Uttle valley separating the cretaceous and tertiary, occur, in order, day, 
sandstone, clay, coal, (one and a half to two feet thick,) clay, sandstone. 
Throughout the beds overlying this coal seam, in the natural order of 
deposition, but( in point of fact, underlying it on account of the abnor- 
mal dip of the rocks, are many indications of lesser coal beds which as 
yet have not been opened. About ten feet below the nethermost sand- 
stone (in age above it) occurs a vein of fine brick clay ten to fifteen feet 
thick. The limit of this stratum on its east side has not yet been reached, 
but the clay grows purer and more and more firee from iron in that 
direction. On the west side of this bed the clay is not utilizable on 
account of the pi'esence in it of iron, which forms a fusible double silicate 
and melts out, leaving the mass full of holes. A pottery has been started 
and bids fair to compete successfully with the best establishments of 
similar character elsewhere. As yet the proprietor confines himself to 
the manufacture of earthenware, but contemi^ates increasing the extent 
and variety of the products of this pioneer i)ottery, and even hoi)es in 
time to be able to rival the best English white ware. 

Fridayj JuJt/ 16. — From Golden City to a point on the mail road nine 
miles east of Idaho City. — At Mount Vernon the road enters a caiion, and 
after cutting across a red syenite, passes into a region of finely lami- 
nated gneiss. From this point the springs become more frequent. A 
nimiber of quartz veins crop out on the sides of the road. Visited a 
lode situated alwut two hundred yards south of the road and half a mile 
west of the stage station. The crevice was eight feet wide, and the dis- 
covery shaft ten feet deep. The quartz (which was very rotten) exhib- 
ited iron and arsenical pyrites, copper glance, and galena. The wall 
rock on the south side was not much weathered, whereas the proper 
north wall-rock had not been reached. Xot far from this opening was 
another shaft thirty feet deep. The ore from it was rich in malachite, 
copper pyrites, peacock ore, and copper glance. Beautiful rhombohedra 
of caleite were obtained from the gangne rock. This daim was to have 
been sold in 18(>3 to parties in New York for $2o,000, but owing to the 
effect produceil by the jMinic among owners of Colorado mines in that 
year, the sale was not consummated, and the claim has lain idle ever 
since. 

An oi>ening on another lode still further west revealed copper pyrites, 
malachite, galena, and sQver glance. Fine calc-spar crystals were ob- 
tained here also. 

July 17. — l>ur route lay through Idaho City, nine mUes distant^ The 
first i^irt of the road wound its way through masses of red and gray 
gneiss, intersected here and there by veins of white quartz. Now and 
then this gneiss alters its character, both in habitus and color. Two 
or three dikes of quartz porphyry cross the road. 

The placer mining is carried on extensively on Clear Creeks there being 
sixteen slniee^ between the intersectiiim of the road and creek and Idaho 
City. One party of the niineis informed me that they averaged $12 per 
d^ per man. They had five rides in ^[leration. 

On the banks of Clear Creek the rocks were much contorted and 
flexed: general diiK northwest. 

The hUls on the right bank of the creek are mnch more weathered 
and roonded off than tho^ mi the opposite bank. Gneiss of all 
kinds, he;)vy and thin bedded^ coarsN^ and fine grained^ red and gray, 
with all possible combinations of these varietietSs weie observed. Xear 
Idaho the gneiss becomes somewhat suddenly very micaceoos. 

There are six sluices in operation between Idaho and three^naiters of 
aoule above thai city. Beyond thia there is no guldi mining attOD^ed. 
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At Idaho there is a. hot soda spring, whose waters, however, I did not 
analyze. Just above Idaho is a sluice which once upon a time washed 
out one ounce of gold (twenty-three dollars) per hand per diem, but the 
best is now washed out. Kear Seven-mile bridge the gneiss pitches 
almost vertically on the right bank of the creek, and resting upon these 
upturned basset edges were huge masses of gray granite. 

GEORGETOWN. 

The characteristic mineral of the country is zincblende, associated with 
galena, iron pyrites, and comparatively little copper pyrites. The most 
usual gaugue rock is decomposed porphyry, and decomposed granite, 
with much quartz. The country rock is composed mainly of gneiss. In 
West Argentine there is considerable fluor spar occurring, as gangue 
rock. 

Baker lode. — So far as an approximation to an average dip could be 
got, this appeared to be east northeast, but throughout the region the 
rocks are huddled together with such irregularity that nothing definite 
can be stated about either the general dip or the general strike of the 
rocks. The general strike of the veins is east of north, and their pitch 
nearly vertical. 

Brown lode, — ^At most of the mines the ore is got out by hoisting, but 
at this one there is a tunnel driven in sixteen hundred feet above the 
bed of the creek to intersect the shaft. The mouth of this latter is one 
hundred and ten feet above the tunnel, and is met by the above-mentioned 
cross-cut, (one hundred and eighty feet long,) and by a drift extending 
(up to the date of these notes) but thirty feet out from it. The ores found 
in the Brown lode are native (wire) silver, antimonial silver, (AgSbs,) 
stephanite, copper-fahlerz, polybasite, and the dark and light ruby ores. 
The amalgamation works below here are usually supplied with ores con- 
taining less than five per cent, of lead. 

An engine of thirty horse-power drives the machinery of the mill, 
and in winter time warms the water intended for the wet stamps, and 
the building itself, by means of a steam-pipe leading to the tank con- 
taining the water. The mines are not troubled by water. In last April 
the miners had some trifling difficulty to contend against after the spring 
thaw ; but this was promptly met and overcome. There are twenty 
stamps for wet crushing and four others each of 500 pounds weight. The 
ore contains about twenty per cent, lead, but this i^ insufficient to meet 
the wants of the furnace, and lead is bought to supply the deficiency. 
Thirty-five per cent, of lead is necessary to the carrying on of the pro- 
cess. There are two classes of ore which are dressed or separated by 
hand. The first-class ore is crushed dry and goes directly to the furnace. 
The second-class ore is crushed wet, and dressed by means of a circular 
buddle revolving from fifteen to twenty times per minute. Under one 
hundred ounces per ton, the ore is not treated, but is dumped out and 
saved in the hope that the reduced price of labor or some more econom- 
ical process may enable the owners to work it to advantage.* 

The ore, after having been dressed and sorted as above-mentioned, is 
mixed with ten per cent, lime and fifteen per cent, iron, and is subjected 
to a low red heat in a reverberatory ftirnace to reduce any argentiferous 
litharge that may be present. Then high heat is given, and the sulphide 
is converted into argentiferous lead and matt, according to the usual 
method. 

* One per cent, silver equals about three hundred ounces per ton, so that one hundred 
ounces per ton equalB one-third of one per cent. 

14 H 
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The roasting requires from twelve to fifteen hours and the smelting 
twelve hours more in the reverberatory fiimaee. The matt, after being 
separated from the argentiferous lead, is stored away to be worked over 
at the end of every run ; or if the furnace clogs up some of it is added, to 
clean it out by its fusibility. 

A run occupies usually twenty days, more or less. In regard to the 
amount of work done by this company the following statement may be 
of interest, as giving the total from January to August of 1869. 

Total nuniber tons of ore treated in furnace, 188. 

Average assay value of ore per ton, 200 ounces. 

Percentage of assay ¥ftlue saved, 90 per cent. 

The Terrible shaft is opened four hundred feet below the Brown. In 
April last the workmen were shut out from their shaft by the rapid 
invasion of water, but since then there has been no troujble. The Ter- 
rible ores have already attained a widespread reputation for richness. 
The main difference between them and the Brown ores is that they are 
richer in brittle, and the Brown in ruby, sUver.* 

TJie Baker mine. — ^The mill belonging to this company is situated some 
four miles up the caiion known as West Argentine, and on the o])posite 
side of the creek from the Brown lode. It is one of the very finest 
structures of the kind ever erected in this Territory, but was not quite 
completed at the time of my visit. On the floor of the mill under the 
apertures through which the ore is to be delivered, is a drying hearth for 
drying the wet ores. After the moisture has been driven off the ore is 
crushed in Dubois's breaker and ball-crusher. The former of these 
machines resembles the breaker known generally in Europe under the 
name of " the American nut-cracker." The ball-crusher is a cylinder 
formed of strong iron staves, which are attached at their extremities to 
two stout iron disks in such a way as to leave a very small crack between 
each two c f them. Three to four hundred pounds of iron balls are then 
put in with the ore and the cylinder revolved on its axis. The finely 
powdered rock falls through the cracks into a hopper built to receive it, 
and through this hopper into an iron cylinder twelve feet long and eight 
feet in diameter, with a helix attached to its inner surface for the pur- 
pose of continually turning the ore, and thus i)resenting a fresh surface 
for oxidation. Fire is at ftst applied, and this cylinder is made to rotate 
slowly, and in a short time the sulphur of the ore is ignited, whereupon 
the extraneous fire is withdra\^ and the oxidation continues with the 
assistance of the heat^from the burning sulphur. The supply of atmos- 
l^heric air to the interior is regulated by means of a door to an opening 
at one extremity of the cylinder's axis, while the volatilized oxides of lead 
and zinc and silver are led through a pipe connecting with the other 
extremity of the axis to condensing chambers and thus saved. 

After a thorough roasting the ore is let out upon cooling floors, and 
from that transferred to the amalgamating barrels. 

The Baker ores contain much ziucblende and will average perhaps sixty 
ounces silver per ton, though occasionally rich pockets are met with in the 
mine, the ores from which have given remarkably high results. Eed and 
white varieties of fluorspar occur largely as gangue rock of the lode. 

The Burleigh tunnel. — This is about half a mile distant from the Brown 
lode toward Georgetown. The object had in view by the proprietors of 
this tunnel is to intersect all the lodes whose strike is with the trend of 
the mountain in which it is being driven. The rock fs quite hard, and 
only one hundred feet had been bored when it was inspected. The boring 

*" The average assay value of brittle silver is five thousand ounces per ton. 
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is done by means of steel driUs worked by compressed air, the machine 
for driving them being mounted on a car running on rails. A steam 
engine outside compresses the air and forces it through pipes to the 
machine in the interior. It is expected that a lode will be intersected 
about one hundred feet further in. 

IJhe Snowdrift mine. — This mine is three quarters of a mile below the 
Brown lode, on the same side of the creek, and is five hundred feet higher 
up the mountain than the same. The ores are chiefly sulphuret, (silver 
glance^ and galena. Very little iron or copper pyrites or zincblende is 
met with. The vein is five feet in thickness, and the pay streak, (one- 
half of which is said to be composed of silver glance,) six inches in 
width. The cost of getting out five tons (including wages, &c.) was 
seventy dollars, and the ore averages one hundred ounces per ton. 

The Griffith lode. — ^This lode, like the Gregory, near Central City, is 
the oldest as well as one of the richest in the vicinity of Georgetown. 
It is situated in a high hill or mountain on the right bank of Clear 
Creek. The shaft opening is about half way up this hill. The shaft is 
one hundred and twenty-seven feet deep, from which a drift has been 
struck fifty feet east, and ten feet west. The dip of the vein is a trifle 
south, though it is nearly vertical. The crevice averages perhaps four 
to five feet, and its north wall-rock is a syenite, while the south wall 
rock appears to be a weathered granite. Assays show values of from one 
hundred to seven hundred ounces i)er ton. The ore will average per- 
haps one hundred and fifty ounces per ton. The expectation was^ when 
the improvements in progress had been made, to take out fifty tons of ore 
per diem. Some little trouble was experienced from water in the early 
spring, but not enough to hamper the efftcient working of the mine. 

This company owns twenty-five feet each side of the lode and three 
hundred on the lode each side of the discovery shaft.* The upper part 
of the north wall-rock consists of a decomposed, yellowish coarse-grained 
mixture of gneiss and quartz porphyry, but below it is a hard, compact 
syenite. The south wall-rock appears to be, above, a reddish ferruginous 
weathered granite, and, below, a white, compact quartz porphyry. 

The following is as accurate a list as could be obtained of the princi- 
pal lodes worked at the present time in the vicinity of Georgetown : 
Baker, (worked for three years;) Brown and Coin, Terrible, Lily, Men- 
dota. Snowdrift, White, Elijah Hise, Wm. B. Astor, Cliflf, Kew Boston, 
B. Nuckles, Belmont, Continental, Equator, Gilpin, Griffith, Comet, 
Magnet, Anglo-Saxon,+ Young America, and WaU Street. 

There are seven mills and dressing works in the vicinity. 

From the Equator and Terrible the first-class ores are hand-dressed, 
(from the former simply broken and boxed, from the latter crushed and 
sacked,) and sent to the Eastfor further treatment. The lead is notpaid 
for. I am informed that in the Kew Boston mine there is in one place 
fifteen feet of solid galena. The same authority states that a shaft was 
sunk on the vein one hundred and seventj'-five feet before it was dis- 
covered that the crevice, instead of five, was fifteen feet in breadth. 

J. 0. Stuarfs mill. — This mill stands on the left bank of Clear Creek, 
just below Georgetown, and is built for custom ores. The greater part 
of the business of this mill is derived from the Equator and Terrible 
second-class ores. The average amount of ore put through the mill is 
about three tons a day, or one thousand tons a year. The process is 

* See Mining Laws of Colorado. 

t In the Anglo-Saxon, I am informed that native silver predominates over all other 
metals, hut the pay streak is very narrow. 
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the same used in California and !N"evada. Ores are never sent here for 
treatment which assay less than $60 per ton, and the average is about 
$100 per ton. These ores are roasted with salt in a reverberatory fur- 
nace and amalgamated in pans. They consist chiefly of silver glance, 
zinc blende, and copper (and iron) pyrites. They are first dried in an iron 
pan and then crushed dry in a six-stamp mill. After this they are sub- 
mitted to a chloridizing roasting in a reverberatory furnace with salt. The 
pyrites contained in the ore is sufficient in amount to react on the cloride 
of sodium and set free tl e chlorine without the necessity of adding sul- 
phate of iron, which is usually done. The material is then amalga- 
mated in iron pans and filtered through cloths, after which it is retorted, 
assayed, melted, run into bricks, and stamped. The ore from the Whale 
lode contains about equal values of silver and gold, and will be run into 
bars as auriferous silver and sent East for separation. 

EMPIEE CITY. 

The principal mines in the neighborhood of Empire City are the 
Conqueror, Silver Mountain, Tenth Legion, Empire, Livingstone, At- 
lantic, Gold Dirt, Rosencranz, Rupp and Cross, Tom Benton, and Star, 
the Curtis, and Ellsworth, (the former close to Mr. BaU'a mUl, and tiie 
latter almost in the town,) and the Bay State. Many others look favor- 
ably, but are not mentioned, because the shafts are not yet sunk deep 
enough to render an intelligent opinion of their capacity possible. 

TJie Conqueror lode. — This lode is located a mile or two above the 
settlement of Upper Empire. The shaft is two hundred and seventy 
feet deep, and the ore is all pyrites in a fine state of division. There 
are, as yet, no drifts commenced, but the ore is shoveled out into buck- 
ets and dumped out as a mass, resembling moist sandy clay, inter- 
spersed with fine crystals of iron pyrites. The engine, which is of twen- 
ty-two horse power, hoists out in forty seconds. They get out two cords 
of ore, at from eight to ten tons per cord, in a day. This Conqueror ore 
assays very weU, but the data of its yield I am unable to find in my 
notes. 

The Rosencranz ore resembles that of the Conqueror. The crevice of 
the Silver Mountain lode is five and one-half feet thick. It had lain 
idle for some months previous to the date of my visit, (July,) and there 
were ten feet of drift snow in the bottom of the shaft when I descended 
it. The roof and walls of the mine were covered with fine crystals of 
Green Vitrei. 

All these lodes were recorded as striking northeast and southwest. 

Mr. Ball assures me that the general character of the gangue rock in 
all this district is granitic. 

There are nine amalgamation mills in this (the Union) district. 

CENTRAL CITY. 

The Gregory lode. — ^This crops out near the lower end of Central 
City, was the first discovered in Colorado, and has been worked ever 
since with profit, in spite of the disturbances which have checked the 
development of so many other mines. At present there are seventeen 
shafts sunk in the lode, only three of which are being worked. The first 
class ore of this vein is an iron pyrites in which a tolerably constant per- 
centage of gold is found mechanically diflfiised, (or as some think chem- 
ically combined, with sulphur,) but at all events in a state of very fine 
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division. The ore assays from three to six ounces gold per ton, and is 
sold to Professor Hill for treatment in his smelting works. 

A somewhat singular phenomenon is the occurrence, at IS'o. 4 Gregory 
Lode, (Brace's claim,) of three separate veins in a breadth of fifteen feet. 
These veins are named the Dead Broke, Gregory, and Foote and Sim- . 
mons. They are divided from each other by thin walls of country 
rock, in some places two inches and less in thickness, but were virtually 
regarded and wrought as one vein. A little higher up on Gregory hill ' 
these veins diverge in three different directions, and at a depth of two ' 
hundred and sixty feet in the Smith and Parmelee shaft the latter two ' 
are seventy feet apart. ' 

Smith and Parmelee mine, — This claim was wrought for the first 
forty feet as one vein. It there divides over a mass of country rock, 
and, as above stated, the veins diverge continually at lower depths. At 
the surface in many places, the lode in which this claim is situated ap- 
I)ears to dip with the country rock, but deeper the latter becomes almost 
horizontal, while the vein continues its course downward as a true fis- 
sure vein. At a depth of two hundred and sixty feet work was con- 
ducted on the north vein, and a cross-cut was run out to the Gregory 
lode in which there are one hundred and sixty feet of good ore which 
has not yet been stoped out. The level in the Gregory vein has been 
run east and west eighty feet. 

The breadth of the vein is, on the average, two feet, and of the iron or 
pay streak, ten inches. The average assay value of the ore is one hun- 
dred and twenty-five dollars per ton. It is sold to Professor Hill. At 
a depth of four hundred and fifty feet there is another level run, and 
this is as deep as the Gregory vein proper has been wrought. In this 
level the appearance of the ore is unchanged. The mill and machinery 
had been overhauled and put into better condition than ever before, and 
the management having fallen into new hands everything seemed to be 
conducted with an energy and attention to details which cannot fail to 
make the enterprise a success. Twenty-five five-hundred-pound stamps 
were at work, the hoisting machinery was in good order, ventilation 
perfect, and the stalls in good condition. The cost of these large tim- 
bers is enormous, and out of all proportion to the other appointments of 
the mine. One of them, eight to ten feet long, will cost ten dollars 
before it is in its place. 

Briggs^s mine, — ^This claim adjoins the Smith and Parmelee, and is 
owned and superintended by the brothers Briggs. Everything about 
the mine and mill indicated that work was being conducted Avith intel- 
ligence and care. The condition of ladders and cribbing was good. I 
will ventuie to make one suggestion of an improvement which will 
apply to the majority of all the mines here, as well as to this one. In 
some cases, where deep shafts or other dangerous places must be passed 
by the miners in their passage to and from their work, a proper regard 
for their safety should induce the company to see to it that every acci- 
dent.which coold endanger life is guarded against.* In some few cases 
this has been overlooked. The Gregory and Briggs veins, together at . 
the surface, are fifty feet apart at a depth 6i four hundred and fifty feet. 
The distance between the wall rocks varies from four to eighteen feet. 
The appearance of the ore improves, the lower the vein has been fol- 
lowed. 

At the bottom of the shaft, the Gregory vein widens out to eight feet, 

* Au accident has since occurred in this mine by which three men were kiUed. 
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and besides the fine look of the iron pyrites, native gold is found, in very 
small particles, scattered over quite an extent of the pay streak. 
In the mill are fifty eight-hundred-and-eighty-pound stamps. 

NEVADA CITY. 

Hie Prize and Copeland lodes, — The town of !N"evada adjoins Central 
City and stretches away some two miles up the gulch in which it is 
built. The Prize vein strikes about north 10^ west, and the Copeland 
nearly west. 

The two veins come together in the shaft at a depth of one hundred 
and twenty feet from the surface. The drift on the Copeland has been 
run seventy feet west and sixty-five feet east from the shaft. At the 
extremity of the western outstope the vein is ten feet in width, and the 
ore occurs throughout the whole of it.* The ore is principally zinc- 
blende, and assays one hundred dollars per ton. The second-class ore 
averages six ounces per cord. Mine in excellent condition, and timbers 
good. Seventeen men and two horses are employed in and outside the 
mine. Back and forward stoping are being carried on at the same time 
from the extremities of the drift. At the bottom of the shaft the vein 
is six feet in thickness, and contains an eighteen-inch pay streak close 
to each wall. The average yield per diem is three cords (about twenty- 
one tons. Twenty -four stamps are run night and day. 

N^orth Star lode. — The ore from this lode contains a fahlerz which 
will prove very rich. The machinery and appointments of the mine are 
the best that I saw around Central City. The hoisting apparatus, which 
is provided with an automatic dumping arrangement, works beautifully. 
Shaft mouth, dressing works, and blacksmith shop are all under the 
same roof. There are eight tables for blanket tailings. 

Perrin lode. — The shaft house and mill belonging to the Perrin Mining 
Company had just been erected under the superintendence of Mr. G-. A. 
Bradley, but had not been running long enough to enable me to gather 
any reliable statistics as to the amount of work which could be done 
per diem. 

The shaft is situated in Eussell Gulch. The ores of this mine com- 
prise copper and iron pyrites, copper glance, and fahlerz. GDhe first- 
class ore averages $150 per ton, and the second-class three and one-half 
ounces per cord. The shaft is one hundred and forty feet deep j dip of 
vein, seventy-eight degrees ; strike north five degrees east at the shs^t 
mouth, but the strike varies with the distance from the shaft, and the 
vein appears to conform to the shape of the hill, ^o good hanging 
wall has yet been reached. 

The mill owned by this company is located about a quarter of a mile 
from the shaft house in Eussell Gulch, and is forty feet square. 

There are four companies running mills in the gulch above this one, 
which purchase their water from the Consolidated Ditch Company. Mr. 
Bradley, however, has a drain to Graham Gulch^ two hundred and fifty 
feet distant, and leads the water which he obtains from it to a tank of 
twelve hundred cubic feet capacity. A large cistern of five barrels 
capacity, attached to the rafters of the mill, keeps the stamps supplied 
with water, through pipes suitably attached, and derives its supply from 
the large tank previously mentioned. 

In the event of the water supply failing, there is a second tank, of 
two hundred and eighty -eight cubic feet capacity, which is placed at the 
opposite end of the miQ, and into which the water from the tail sluices 
runs. This tank is divided into a smaller and a larger part by a parti- 
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tion not quite as high as its sides, over which the water pours from the 
former into the latter division, thereby clearing itself. An elevator 
conveys it from here to the cistern. By this arrangement the same 
water can be used two or three time^. 

One engine of thirty-five horse-power drives two six-stamp and two 
five-stamp batteries. The stamps of the 'former weigh six hundred 
pounds each, and those of the latter four hundred and fifty pounds 
each. 

There is a' separate bin opjwsite each battery for sorting the custom 
ores. The four-hundred-and-fifty-pound stamps are intended to drop 
thirty-five, and the six hundred pounders twenty-five times per minute. 

There are in this mill eight feet of coppers and four feet of blankets ; 
but besides this the water runs over four and one-half feet of small 
blankets to the tail-sluice. Two pumps keep the water constantly 
supplied to the cistern. The blankets are washed, according to circum- 
stances, every fifteen to thirty minutes. 

These tailings are brought into the Bartola pan^ and polished by 
arastras, nitrate of mercury and cyanide of potassium being added in 
small quantities to assist the process. 

From this they are brought to the dolly-tub for amalgamation. These 
three pans save $16 of the gold, which would otherwise run out and be 
thrown away, per day ; and Mr. Bradley hopes to be able, by the use of 
three additional pans, which he contemplates adding, to pay the daily 
wages of the whole mill personal. 

The two five-stamp batteries are always worked together, but the six- 
stamp batteries are provided with a clotch, by disconnecting which 
fastening they can be worked separately. 

Cleveland mine. — Excelsior lead. 

Trail Creekj a few miles from Idaho City. — ^I visited the mill belonging 
to this company for the purpose of witnessing the trial of a new two- 
stamp steam stamp, the invention of Mr. Wilson, of Philadelphia. Two 
steam cylinders are mounted on heavy framework, the piston-rods pro- 
longed below are shod, thus forming the two stamp-rods. The weight 
of each stamp is 500 pounds, the impinging force of the steam 1,700 
pounds : which, deducting the necessary amount for friction and other 
losses, leaves an available blow of over 1,700 pounds. These stamps 
can be run 170 to 212 per nunute. This velocity was not attained 
during the trial, but the working was so satisfactory as to leave the 
impression on all who witnessed it that this kind of stamp mill, with 
certain modifications, bids fair to supersede all others. Great attention 
must, of course, be paid to the feeding, to avoid throwing upon the 
table imperfectly crushed quartz, because from twice to twelve times as 
much ore as in an ordinary mill passes in a given time under each one of 
these stamps. 

The smelting works of Professor HilL — ^These works are favorably sit- 
uated on Clear Creek, half a mile below the western extremity of the 
town of Black Hawk. There are two reverberatory furnaces, a set of 
rollers for crashing, and attached to the works is an assay office for 
valuing the ore bought. 

This ore is of all kinds and comprises the richest produced by the 
mines. Seven tons are matted in one day, and this matt is then sent by 
Professor Hill to Swansea and sold. The lump ore is roasted in heaps 
six to eight weeks, to get rid of the greater part of the sulphur j it is 
then crushed in the rolling-mill and mixed with the other ores. 

The tailings, consisting mainly of pyrites, are roasted in the reverbe- 
ratory furnaces. 
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All the ores are mixed together after roasting, in such a manner as to 
produce a slag of the requisite fusibility. The greater part of the zinc, 
lead and arsenic is volatilized, a small portion only uniting with the 
matt and slag. The matt contains forty per cent, copper, and is the 
product obtained by smelting the roasted ores. How rich this matt is 
in silver, and how much of it is annually shipped abroad, is known only 
to Professor Hill and his assistant. 

It is stated that Professor Hill contemplates erecting additional 
works for the reduction of this matt on the ground where it is produced, 
and the enterprise is generally regarded with satisfaction by the mining 
population, among whom the belief is common that the "profit which 
Professor Hill can realize in treating these ores ought to be suflicient to 
enable him to spare himself this great transportation, and at the same 
time stop one of the mapy channels through which bullion flows out of 
the country. 

COLORADO CITY, AUGUST 9. 

About three miles from Colorado City, in a ravine through which 
flows the Fontaine-qui-bouille, are the famous soda springs, which 
have been from time immemorial regarded with superstitious awe by 
the Indians, and which are now attracting persons from all parts of the 
country by their beauty and supposed medicinal virtues. Three of 
these springs are situated on the right bank of the creek, not more than 
fifteen feet from the edge, and one of them (the smallest, and that giving 
the strongest water) on the left bank. 

The first of these which one meets in going from Colorado City bub- 
bles up through the rock into a large basin of seven or eight feet in 
diameter, which it has formed partly by wearing away the sides which 
confine it, and partly by continual deposits of its salts. This spring is 
called the " Beast Spring,'' because it is the only one of the four con- 
veniently accessible to large quadrupeds, which drink greedily of its 
waters. 

The next (and largest) spring on the same side of the creek is the 
bathing spring, and is distant from the other but a few rods. A rude 
roof is erected over the spot whence it issues from the rock, and the 
invalids sojourning at this place (of whom there were three at the date 
of our visit) bathe in il night and morning. The third spring on this 
side is the "Iron Spring,''' and is situated a short distance up the stream 
from the last-mentioned, in a thicket, which proves from its little dis- 
turbed condition that the cui*ative powers of the water are not held in 
as high estimation as are those of the other springs. 

The last spring, which I have ventured to christen the " Doctor," from 
the strength (,l its water, is the smallest of all, and on the left bank of 
the Fontaine. 

A qualitative analysis of these springs with the blow-pipe gave the 
results which follow. The manner of conducting the analysis was as 
follows : 

A large iron camp kettle, of four gallons capacity, was filled with the 
water, aiid the contents evaporated to dryness. The salts deposited 
were then collected, and, after the water itself was tested for volatile 
substances, analyzed. 

The Doctor. — Four gallons of the water of this spring were evaporated 
to dryness. The salts of the residue would weigh perhaps an ounce. 
The mouth of this spring is about one foot in length and eight inches in 
width. The water contains much carbonic acid in solution. It emerges 
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quietly from a syenite on the left bank, and flows in a slender stream 
into the Fontaine. A few bubbles of gas are rising continually to the 
surface, but the excess of carbonic acid is not proportionately so great 
as in the other springs. There is a comparatively small deposit of car- 
bonate of lime in the bed of the little canal which the water has worn 
away through the rock, and none in the vicinity which could be traced 
to the overflow of the spring. The water shows no trace of volatile 
substances which would escape during the evaporation, except carbonic 
a6id. Its reaction is feebly alkaline. 
The salts held in solution are as follows: 

Much— NaO . CO2 

KO . CO3 

CaO . COa 

NaCl 

AI2O3 
Trace — ^Fe. 

The Iron Spring. — This showed the presence of that metal from which 
it is named by a very insignificant deposit of the familiar brown oxide 
in its vicinity. No volatile substances in the water. .Beaction alkaline. 
The salts in solution were : 

•KO.CO2 
NaO . CO2 
• LiO . 2CO2 
(Probably as carbonate) — FeO . CO2 

NaCl 
AI2O3 

The amount of iron in solution in the Iron Spring was unusually 
small ; the amount of alumina being greater and that of lime less than 
in. "The Doctor/ 

Tlie Beast Spring. — ^This is next to the largest. A continuous line of 
bubbles of carbonic acid is perpetually ascending from the bottom. The 
taste of the water is not so pleasant nor pungent as that of the other 
springs. 
The analysis showed — 

KaO . CO2 
KO . CO2 
iJa.Cl 
S 
AI2O3 

The BatJdng Spring was not analyzed, but its salts cannot be very dif- 
ferent irom those of the "Beast.'' ' A noticeable feature of this latter is 
the small per cent, of sulphur which probably is present in soda or 
potash alum. The ebullition of gas in the "Bathing Spring'' is enor- 
mous and Ivceps the water in a constant state of agitation. 

This spring bursts out from a syenitic rock, but by the overflow of its 
waters it has covered the latter with a crust of carbonate of lime sev- 
eral feet in thickness and much broader than is the case at the celebrated 
High Eock Spring of Saratoga. It is as if a white tablecloth were laid 
over the rock. I have never seen so violent an escape of gas except 
from the Salina near Kissingen, in Bavaria. 

* The potash and litliia reactions "with the blowpipe are sufficiently distingnishahle 
to enable one possessing the requisite experience to recognize them with a little trouble ; 
but in the field, where time is short and opportunities meaner, it is not always easy to 
do this. I venture to give them both without stating which predominates, reserving 
the solution of this question for the first opportunity which oners in the fotui:^. 



f 
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The Indians (both those of the mountains and those of the plains) 
frequently visit these springs, and, riding around them upon their horses, 
do homage to the Great Spirit which caused them to boil forth at this 
place, by throwing in offerings of ear-rings, bracelets, beads, and other 
objects of value. A gentleman, residing here temporarily for his health, 
was upon one occasion alarmed at the approach of a large band of Sioux, 
who, he saw, were in their war-paint and on an expedition against the 
Utes in South Park. He secreted himself and watched them. They 
rode around the "Beast Spring,'' chanting some solemn invocation, and 
from time to time divesting themselves of some trinket and casting it 
into the bubbling water. When this was concluded they all drank of 
the spring, and then pursued their journey. It may be interesting to 
the believers in the virtues of the water to know that this same band was 
badly whipped by the Utes, and on its return was in too great a hurry 
to repeat the incantation scene. My informant took over a bushel of 
rings and trinkets out of the spring. 

CANON CITY. 

Seven miles up the caiion, through which runs Four-mile Creek, are 
four oil wells, which have been sunk by a Denver company, under the 
direction of Mr. James Murphy, who resides by and takes care of them. 

The canon runs through cretaceous sandstones and shales. The works 
are very primitive as yet. Scaffoldings surmount the mouths of two of 
the wells, and the oil is got out by pumping. 

One of these wells is three hundred feet deep, but the oil is called by 
the superintendent surface oil, and he expresses conlidence in reaching 
a much larger supply by piercing some distance down. At present he 
can only extract a few gallons a day. Some of the oil is stored in bar- 
rels about the premises. 

An analysis made of the oil by Mr. Murphy gives—' 

Per cent. 

Benzine 12 

Good clear burning oil 50 

Nitrogenous mass, containing much paraffine and parafl&ne oil 25 

Coke and refuse • 13 

Total 100 



Mr. Murphy states that these oil wells have been opened six years, 
the half of which time he has resided on the ground, and estimates the 
annual production of oil at about four thousand gallons. 

A quarter of a mile west of Caiion City is a scSa spring of delicious 
water which bursts out from between No. 1 and 2 of the cretaceous. The 
spring is small and its strength diminished by a large acequia, the water 
of which leaks through an aqueduct, built to carry it around a jutting 
point of rock, and trickles into the spring. 

The taste of the water is very agreeable, and stronger than that of 
any similar spring I have ever seen. 

A trace of iodme was discovered in the water of this spring. The 
salts were — 

NaO . CO2 
MgO . CO3 
CaO . COa 
Trace— Fe v 

AI2O3 
Trace— I 
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A crust of carbonate of lime is observable everywhere in the vicinity 
of the spring as a porous tufa-like mass. 

NEW MEXICO.— LAS VEGAS, SEPTEMBER 5. 

Visited the celebrated hot springs, or "Ojos caJlientes.'' These springs 
make their way through metamorpmc rocks on botK sides of the creek, 
and the women of the country come to wash their clothes in them, for 
miles around. The temperatttre of the water is very high, but not being 
able to procure a thermometer in Las Vegas, I cannot state it with any 
pretense to precision. I estimate it at over 15(P Fahrenheit. A five- 
gaUon kettle of water, when evaporated, left a very slight sediment at 
the bottom — not a quarter of an ounce. 
In solution were : 

KO . CO» 

NaO.COa 

Na.Ol 

Trace Fe 

Trace S 

Trace Li O' 

SANTA FE, SEPTEMBER 9. 

Visited the old placer mines, which are situated in a short chain of 
mountains lying thirty miles or so west from Santa F6, and on a large 
grant belonging to the New Mexico Mining Company, and under the 
direction of Colonel Anderson, formerly of the engineer corps. United 
State's Army. 

# The land owned by the New Mexico Mining Company in the San Lazaro 
mountains is ten nules and sixty chains square. The whole surrounding 
country is impregnated with gold from the mountain lodes, and gulch 
mining there would pay richly, were it not for the deficiency in the sup- 
ply of water. The company has heretofore freely permitted the inhab- 
itants in the grant to pan out gold for themselves, and they frequently 
obtain in this way six dollars per hand in one day. 

The old mill which was formerly here has been replaced by a new 
one, now nearly completed, which is situated on the side of a hill, and 
by a little brook which.supplies water to the boiler of the steam engine. 
The great difficulty which lies in the way of the successful working of 
these mines — a deficiency of water — Colonel Anderson hopes to be able 
to surmount, either by means of a ditch bringing water from the Pecus, 
or by sinking an m^tesian well. The mill contains forty 650-pound 
stamps, intended to drop eight inches seventy-five times per minute. 

The jjrincipal mines yet opened on the property are, in the order of 
their importance and date, the Ortiz and Brahm. 

It is highly probable that there are other veins of auriferous and 
argentiferous quartz on the grant, but these two being the only mines 
as yet opened and worked, a glance at them must sufl&ce. 

The Ortiz mine was discovered and opened by a Mexican, whose 
name it bears, nigh seventy years ago ; but the work having been con- 
ducted in the shiftless, slovenly manner characteristic of the Mexicans, 
it was thought advisable bir Dr. Steck, Colonel Anderson's predecessor, 
to sink another shaft some distance from the discovery shaft (which 
marks the center of the grant.) This new shaft is now two hundred 
feet deep, well cribbed and timbered, and supplied with the best of lad- 
ders. The couutry rock is a granite, and the crevice is perhaps four 
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feet in average. An incline was begun by Dr. Steck, connecting the 
two shafts, and was broken through recently under direction of the 
captain miner, Mr. McVhee, after whom the new shaft is named. 

The ore is composed of iron, copper and arsenical pyrites, galena and 
malachite. The pay streak is of good size, and the veiu is what is called 
a chimney vein, — that is to say, it widens out every twenty feet or so 
into a chimney, which " pinches up " again a little further on. 

There are quite a number of these chimneys connected together by 
narrow veins. This is a charaeteristic feature of this mine, and is con- 
sidered a very favorable sign. I would especially notice here the ad- 
mirable condition in which everything about the mine is kept. Though 
not yet extensive, the work which has been done reflects the greatest 
credit on the superintendent and the captain of the mine. 

Altogether, about four thousand tons of ore have been taken out and 
piled near the mouth of the shaft, against "^he time when the mill 
shall be completed, and it can be transpoifced tiather for reduction. Its 
average assay value has been $26 per ton, while an ounce of .gold 
obtained by panning has often reached $19 50. 

Since Colonel Anderson's administration, $35, 000 have been expended 
on the mines and mill. 

The transportation from the mines to the mill will cost seventeen cents 
per ton. 

Tlie Brahm lode, — This was discovered last April by a professional 
prospector of Sante F6, employed by the company, after whom it is 
named. The strike of the vein is northeast, and at the surface the dip 
is 750, but at a depth of thirty-eight feet it dips but 45° southeast. 
There are three shafts upon it, the discovery shaft being now forty feet 
deep. 

Some fine specimens of ore carrying native gold were obtained from 
the extension shaft. Between the discovery and extension shafts is the 
air shaft, from which the richest quartz has been obtained. 

Levels are being driven both ways, outwards from all these shafts. 

The following may be interesting, as giving an idea of the expense of 
working mines on this scale in this country : Two engineers, at $90 per 
month 5 four feeders, at $3 50 per day; two amalgamators, at $5 per day; 
forty miners, at $2 25 per day, (Mexicans ;) common laborers, at $45 per 
month ; chief mechanic and foreman of mill, at $205 per month; one car- 
penter, at $5 per day ; three carpenters, at $90. per month; two black- 
smiths, at $110 per month ; captain miner, $180 per month. 

The true name of the old placer mining district is the Beal Dolores. 
The new placer mines are situated on the north face of the Tuorto 
Mountains and should properly be called the Beal de San Francisco. 
Some litigation has arisen between this company and the New Mexico 
Mining Company, on account of a dispute as to the boundary of the lat- 
ter's part. 

The nucleus of the San Lazaro Mountains is a granite, which exhibits 
itself in the mountain, to the north of the settlement, in high conical 
peaks. To the south of the settlement is a mountain composed princi- 
pally of metamorphosed sandstone, which is everywhere intersected by 
trap dikes. 

l5^ear the mill is an igneous conglomerate. This rock consists of a 
matrix of calcareous matter, in which are breccia of various rocks and 
large rounded masses of syenite. The boulders of syenite appear to be 
of singularly uniform size and are strewed ovrer the rock with remarka- 
ble symmetry and regularity. 

About three miles north of this settlement is a high hill at the north- 
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ern base of which occur several coal seams. The nearest and most 
recently opened is a coal of fine quality, and, like all the coal observed 
along the flanks of the Rocky Mountains, breaks up into small parallelo- 
pipeda or rectangular prisms. 

Kear the entrance to the southwest opening of this coal bed are two 
irregularly -shaped masses of carbonaceous clay and gypsum, which re- 
semble, at a superficial glance, small dikes. Neither of these appear to 
be continued above the roof or beneath the sole of the mine, though 
they appear on both sides. 

Another bed of coal was visited, near which was a large basaltic dike, 
the heat from which appears to have altered the tbrmer to a modern 
anthracite. This coal is harder, blacker, and more lustrous than that of 
other veins I have seen in the vicinity of the Eocky Mountains : nor does 
it exhibit that singular cleavage which characterizes these beds. 

Ores were given me from the San Dia Mountains and mines which 
looked well, but proved by a quantitative analysis to contain very little 
silver. The ore was a quartz containing lumps and flakes of galena. 

Colonel Anderson gave me also a tine specimen of native copper, 
found in the bed of the creek, at a short distance above the Real Do- 
lores. 

'Quite fine-looking specular iron, hematite, and some small crystals of 
spathic iron ore, were seen on the North Mountain, half a mile or so from 
the Ortiz mine. Specimens of the former were obtained. 

TAOS, SEPTEMBER 19. 

• 

Twelve miles north from Taos, in the Arroyo Hondo, is a mill erected 
quite recently by the " Arroyo Hondo Mining and Ditch Company,'' 
under the superintendence of Mr. Stuart, of Taos, but not yet roofed 
over, nor in complete running order. There are twenty 430-i>ound stamps 
constructed to drop thirty-five times per minute. 

The quartz of the ore is partly a ferruginous and reddish, partly a 
white mixture of quartz and mica. The red variety prospects the best, 
('^ shows the best color.'') On the road from the moll to the sluift from 
which the company expects to derive most of its ore, is a lode which 
occurs in the granite and bears iron pyrites, green, and a little blue vitriol. 
A second opening has been made higher up the mountain into a deposit 
of reddish and whitish clay, which shows good color in the pan, but is too 
sticky to wash well in large quantities. The company is at present ex- 
ceedingly puzzled to know how to treat this material, and is considering 
the feasibility of baking it into bricks and then running it under the 
stamps, TThich in its present condition it would only clog. In any case 
these gentlemen bope that by sinking deeper they will strike a true 
crevice and good wall -rock. '^ Quien sabe! " 

A mile or two around the edge of the mountain is situated the princi- 
pal mine of the company, which is being opened by a shaft and tunnel, 
the former about twenty-five feet in depth, and opening some two hun- 
dred feet above the tunnel, which latter has been driven already 180 feet 
and will eventually intersect it. 

The dip at surface is 35^, more or less, strike about east and west. 
A level has been run in at the shaft mouth G5 feet, and drilling pros- 
pects well all the way in. The ore is the same as that mentioned in 
connection with the mill. 

SAN LUIS PARK, OCTOBER 1. 

In the course of a long day's march from the Sawatch to Homan's 
Creek, in Homan's Park, or the Eincon, we passed a region where a 
great number of hot springs boiled up. The first of these (m<L^<^\5»2t'^- 
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est) covered a space of perhaps 600 square feet, and emitted a viapor 
which could be seen for a long distance. 

Surrounding it was a marsh or swamp in which salts from the evap- 
oration were deposited. The temperature at the edges was perhaps 
llOo to 120O Fahrenheit, and bubbles of gas rise in many places to the 
surface, and are caused by the weight of a person walking around the 
edges in the immediate vicinity of the soggy soil. Specimens of the 
salts, as they lie loosely like an efflorescence, and also of the same ma- 
terial in a harder form like palifornia marble, (only not so variegated in 
color,) were collected, but no opportunity oftiered to examine them. 

The surrounding country, and our road towards Homan's Creek, is for 
miles covered with a white deposit called by the natives "alkali,^ sim- 
ply. It gives the landscape the appearance of being covered with snow. 
This "alkali" is probably composed of nitrate of potash, sulphate of 
lime, and perhaps other salts in smaller quantities, but has not been yet 
analyzed. The same deposit has been observed in the neighborhood 
of St. Yrain's Creek, and in the basaltic region below Trinidad on our 
route down to Santa F^. 

Minerals observed in Neio Mexico, 

MINERALS OF COMMERCIAL VALUE. 

Iron pyrites, copper pyrites. — ^Mostly auriferous. Widely distributed in veins over the 
flanks of the Rocky Mountains, in New Mexico, and in numerous lesser chains of 
granitic and metamorphic rocks. 

Malachite, green vitriol, blue vitriol. — Principally from decomposition of the above, 
wherever the ores have been exposed to weathering. W^idely distributed in veins 
over the flanks of the Rocky Mountains, in New Mexico, and in numerous lesser 
chains of granitic and metamorphic rocks. 

Zincblende. — Often argentiferous. San Dia, &c. 

Galena.^)ften argentiferous. MaxweU's, near More. 

Brittle silver. — ^MaxweU's, near Moro. 

Fahlerz. — MaxweU's, near Moro. 

Specular iron ore. — Real Dolores, near Ortiz mine. 

Red and brown hematite. — ^Widely distributed. Old Placer, &o. 

Magnetic pyrites. — ^New Placer. 

Coal. — Raton Mountains, MaxweU's, Real Dolores, &c. 

Cerussite. — Maxwell's. 

Anglesite. — ^Maxwell's. 

Native gold. — Arroyo Hondo, Morena, Brahm Lode, New Placer, &o. 

Native silver. — Maxwell's. 

Horn silver. — ^MaxweU's. 

Titanic iron ore.— Real Dolores. 

Smithsonite. — San Dia. 

Silver glance.-^Morena, New and Old Placers. 

Light and dark ruby silver. — Maxwell's. 

Spathic and micaceous iron ores. — Real Dolores. 

Turquoise, (2AI2O3 . POs-f-SHO.) — Cerillos, between Santa ¥€ and the Sdn Lazaro 
Mountains. 

chahacteristic minerals. 

Quartz. — ^Forms gangue rock of most of the veins ; common. Agate, chalcedony, and 

silicilied wood in the bed of the Galisteo. In the granites, gneisses, &c. 
Hydrated oxide of iron. — Occurs with the coal beds, and colors the rocks near exposed 

veins, &c. 
Opal. — Galisteo beds. 
Feldspar. — Everywhere among the granitic rocks. Orthoclases predominant. Oligo- 

clases also abundant. Albite is found near Moro. 
Labrador. — Basalt dikes, &c. 
Hornblende. — Syenites, some basalts. 
Potash and magnesian mica.— Gneisses and granites, and in the greissen found near 

Moro. 
Leucite. — Trachjtic lavas near Fort Union. 
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Chlorite. — ^Diabase, Real Dolores, San Luis. 

Augito. — ^In the basalts and chlorites. 

Calc-spar. — Very common ; finely crystallized in Real Dolores. 

Gypsum. — Beds near Sweetwater ; also occurs with coaL 

Aiiihydrite. 

Salt. — In springs at Las Vegas and elsewhere. 

Heavy spar. — As gangue rock in many veins. 

Pyrope.— Fort Craig. 

Chrysolite. — ^Fort Craig. 

Obsidian. — Found near old Pecos church. Fashioned into tools, as is also chalcedony. 

A fine pseudomorph of magnetic iron ore, after the cubes of iron 
pyrites, was picked up near Santa F6. 

The fact that I could not visit the Morena mines, which are the most 
important in New Mexico, and the short time given for the preparation 
of this report, will, I hope, excuse its incompleteness, which a more 
careful study of the specimens I have collected will in some measure 
remedy. 

COLORADO TERRITORY, SOUTH PARK, OCTOBER 4. 

Visited the salt springs in this park. The whole country from the 
hither side of the Trout Creek Pass to some distance beyond the salt 
works is covered with the alkali before spoken of. A small creek 
flows northward, and in this creek the spring from which the salt is ob- 
tained discharges its water. It is collected in a box and conducted 
through a small channel to the buildings. These are two in number, 
the one in which the kettles are placed forming a long wing at the ex- 
tremity of the other. The works belong to Kawlins & Hall, and the 
business of salt boiling was begun by Mr, Eawlins in a small outbuild- 
ing, yet standing, in 1861. 

In the long wing are one hundred and sixteen large boiling kettles, 
and eight iron evaporating pans. 

The spring water is first run into the kettles and heated. When the 
water has acquired a high temperature, it is drawn off into the first of 
two large evaporating pans, (eleven by twenty-eight feet,) and allowed 
to evaporate. The sulphate of lime and other impurities are here sepa- 
rated from the brine, which is again drawn off into the remaining tanks. 
The finest grained salt is obtained from the sexjond evaporating pan, 
which is eleven by nineteen feet. The six remaining pans are each five 
by nine feet. An analysis of the salt produced was made by A. Fennell, 
of Cincinnati, with this result: 

Per cent. 

ISa.Cl 99 

CaO . SO3 and other impurities 1 

Total 100 



The strength of the water is about one part by bulk of matter in solu- 
tion in nine parts of water. (I have this on the authority of Mr. Eawlins.) 
T'le company has expended over $50,000 on the works, and expects to 
ecinmence permanent running immediately. When in full operation 
t\^ o tons of salt can be x>rodu(^ daily. 

Messrs. Eawlins & Hall are sinking an artesian well alongside of 
the long wing above referred to, by means of which they hope get a 
steonger brine, and jJsq to save ttie expense of pumping into the kettles. 

Solar evax)ora ting vats, similar to those in use at Salina,near Syracuse, 
N(3W York, are also to be constructed shortly. 

I 
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The company employs from six to fourteen men. The production of a 
ton of salt costs the company from $15 to $20, and they sell it for from 
$C0 to $100; the miners and smelters getting it at the former price, both 
because they do not require it as pure as do the ranchmen, and also 
because their orders are invariably larger. 

REMARKS.— COLORADO. 

That which bas given Colorado such an unprecedented forward 
impetus in her internal development and growth, has undoubtedly been 
the discovery of gold and silver in the beds of her streams and in the 
recesses of her mountains. A detailed history of these discoveries would 
be hardly in place here, especially as this has been pleasantly outlined 
by Mr. HoUister in "The Mines of Colorado,'' but it is interesting to 
know that the steps toward the establishment of mills, shafts, and 
furnaces in the center of a but lately uncivilized country, have been the 
same as in California and elsewhere. 

The existence of the precious metals in the mountains was not arrived 
at by reasoning on the similarity of the Eocky Mountains to other ore- 
bearing chains, nor even by concluding that if gold and silver were 
found in one part of their extent, they would be probably also in 
other parts; but the rude hunter or nider savage chanced upon a few 
shining grains, which excited the curiosity and cupidity of the dwellers 
in the States, and first one, and then two, and then more, girded up their 
loins for a journey to the tempting wilderness, until the spark burst into 
a blaze, and hundreds of men from all classes of life were drawn together 
by the hope of enriching themselves with bags of gold. Many of these 
early gold-seekers fondly imagined that they had only to pick the gold 
up in the region within the shadow of the great Pike's Peak, and find- 
ing that, on the contrary, their employment was one inseparably connected 
with vicissitudes and uncertainties, they were discouraged and went 
back. 

Gulch or placer mining in gold countries precedes the more regular 
and legitimate operations as naturally as all crude undertakings precede 
the imi)rovements they suggest. The first placer mining which promised 
to reward the undertakers or prospectors in Colorado Territory had its 
origin in Cherry Creek, in a mining settlement designated Auraria, and 
just opposite the present city of Denver. This was in 1858. 

By the laws which govern the distribution of eroded materials by the 
agency of water, the larger, coarser, and heavier particles are invariably 
found deposited nearer to, and the finer, lighter, and more impalpable 
wash farther from, the origin of the eroding force. Thus the drying 
l)ower and heat of the sun, the oxidation of the atmosphere, and the 
eroding force of wind and water, tear off large and small masses of the 
mineral veins; gravity precipitates them, along with boulders of the 
country rock, into the creek and rivulet beds, and the water of these 
streams grinds them up as in a mortar, and finally spreads them out m 
beds whose distance from the point of abrasion is inversely proportional 
to the weight of the individual particles. In this manner fine gold m-^y 
be carried to an enormous distance from its parent vein, but the fartljtr 
we recede from it the finer becomes the gold and the more diffused 
through the silicious mass, so that the difficulty of obtaining it is in- 
creased in two ways : first, there is much less gold, and second ; what the^re 
is is present in a much more finely divided state. To one una<5quaint(Hl 
with the facts, this second difficulty may appear not a real one; the sj e- 
cific gravity of gold being the same whether the metal exists in large or 
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small particles, must render the separation of the dust fi;oin the com 
paniou rock as easy as that of the nuggets. But experience shows that, 
regulate the supply of water as nicely as he may, the miner always 
loses a comparatively large percentage of this finely divided gold by its 
floating off on the surface. This will be referred to again when the 
effect of the "supply of water on the loss of gold from the tailings is. 
spoken of. 

Where the topography of the country has been such as to cause an 
elbow in the stream carrying the debris, or where, from any cause, an 
eddy has been formed, and 5ie diminished velocity of the water being 
insufficient to keep the larger rocks in motion and the coarser particles 
in suspension, there have been deposited at certain points little 
Islands, as it were, of irregular but generally more or less oval shape, 
the gulch miner finds his richest harvest. The discovery of such depos- 
its has often led to the erroneous belief that any part of the bed of the 
creek will produce equal treasure if the water be but diverted from its 
channel, and the construction of flumes or artificial channels in places 
where circumstances were not favorable to a deposition of the precious 
metals has, in several instances, involved the misguided projectors in 
useless expenditure and great waste of time and labor. 

The creeks springing from that part of the range opposite and nearest 
to this first settlement were the first to be prospected, and, in the main, 
more than fulfilled the expectations which had been formed of them. 
The statistics in regard to gulch mining are necessarily harder to obtain 
than those of lode mining, for in the first place the operations are con- 
ducted by one or two men at innumerable points in various creeks 
and streams remote from the miners' settlements, and secondly the 
independent conductors of this system of mining have a natural reluc- 
tance to stating the true amount of their earnings, from the fear that 
other parties may be led to their vicinity and thus reduce their gains. 

Statistics of that kind of placer mining which is carried on away from 
the beds of the streams and upon the more or less decomposed outcrop 
of a lode, by means of water flumed from some higher level of the creek, 
are easier to get at and appear to be better known. I append a few facts 
drawn from Mr. Hollister's book, page 66. 

Zeigler, Spain & Co. ran a sluice three weeks on the Gregory, and cleaned up three 
thousand i)ennyweight8, their highest day's work being |495, and their lowest $*21. 
Sopris, Henderson & Co. took out $607 in four days. Spears & Co., two days, $853, all 
taken from within three feet of the surface. John H. Gregory, five days, $942 ; Casto, 
Kendall & Co., one day, $225; Defrees & Co., twelve days, one sluice, $2,080; Leper, 
Gridley & Co., one day, three sluices, $1,009. 

At the present time there are perhaps twenty points on Clear Creek, 
between Idaho and Golden City, where the wheels and sluices of the 
gulch miners are standing, but scarcely more than one-half of them are 
really in operation. A few such works are to be found in all the creeks 
issuing from the range, but their share in the annual production of gold 
in the Territory is but insignificant, and their value has diminished, as 
is always the case with this kind of mining. While " no one has ever 
yet seen the lower edge of a vein,'^ a little labor will bring one to the bot- 
tom of a placer mine, which is formed by the wash of a few fragments 
carried from the out-crops of the veins by the rains. 

It has already been stated that the valuable ores are found in a broad 
belt running along the range north and south. Gold, silver, copper, 
lead, and zinc are found abundantly in the granitic and metamorphic 
rocks^ which form the true back-bone of the Cordilleras, and coal in the 
outlymg and more recent foot-hills. 

16 H 
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There appear to be two series of veins in tKis great mineral belt, oc- 
curring at least along the eastern slope of the Eocky Mountains ; the 
larger, and apparently elder, having a general north and south strike, 
and proving in most cases barren,* and the smaller and more recent, 
comprising by far the greater number of the gold and silver leads, and 
extending down the range as far as I had an opportunity of observing 
it, in New Mexico, striking generally about northeast and southwest. 

It would be difficult to define sharply the direction or extent of this 
great mineral belt, though various writers on Colorado have indulged in 
fine generalizations on the subject. The fact appears to be that circum- 
stances have been more favorable to the existence of mineral veins in 
some rocks than in others, and that whatever may have been the great 
geological causes which brought these rocks into being, where the con- 
ditioDS are not totally diflterent, indications of the precious metals may 
be expected wherever they occur. The eastern boundary of this belt is 
in general terms the eastern boundary of the gneissic and granitic rocks 
of the Eocky Mountains, but in almost every instance where outliers ot 
thege same rocks occur, investigation has proved the existence of min- 
eral veins : {e. ^., Pike's Peak, which lies 150 miles east of the main chaid 
of the Eocky Mountains, the San Lazaro Mountains, the Cerillos, in 
the valley of the Gallisteo, &c.) 

The fiist lode was discovered in Colorado by John Gregory, May 6, 
1859, on claim Ko. 5, of what is yet called the " Gregory lode,'' near 
Central City. The history of that discovery is very interesting, as an 
illustration of what energy and perseverance, guided by sound common 
sense, may accomplish for a man. 

Gregory worked this lode at first, of course, with a sluice, and got out 
$972 from the disintegrated surface. The news spread rapidly, and the 
country was soon swarming with prospectors and miners, and many 
other lodes were immediately discovered and worked. This was the 
celebrated Pike's Peak gold fever, from which the growth of this Terri- 
tory dates. In almost every case the mines passed into the hands of 
difterent parties, as the getting out and treatment of the ore became 
more difficult from the growing scarcity of the decomposed surface ore, 
until at last matters were brought to a stand-still by the resistance 
offered by the sulphurets associated below with the gold to the process of 
amalgamation then in vogue. This behavior, which would have been 
foreseen by more experienced miners, seems to have astonished and dis- 
pirited them, and an exodus from the region was the result, which has 
been repeated at various times since, whenever new obstacles were to be 
surmounted. But while this has retarded the unnaturally rapid develop- 
ment of the Territory, there is no doubt that the occurrence of these sul- 
phurets and the working of them will, in the end, prove a blessing to 
Colorado, by giving employment to more persons, and thus hastening 
the maturity of this commonwealth. 

The counties of Colorado in which as yet the principal mining opera- 
tions have been conducted, are, in the order of their present importance : 
Gilpin, Clear Creek, Park, Summit, Lake, and Boulder. 

To enumerate all the lodes which have been discovered, or even those 
that have been partially wrought, would be foreign to the purpose of 
this report, and a work of immense labor ; nor would such a catalogue 
serve the statistician as much as might at first appear, for the object of 
all these incipient undertakings having been to realize the greatest pos- 



*An exception to this general rule is found in the Hoosier lode, about forty nules 
north of Central City. This vein belongs to the north and south class, but is never- 
thelesB rich and profitable. 
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sible amoimt of gold in the minimum time, and the various enterprises 
in any neighborhood having been conducted in(^^l)endently of each 
other, by parties whose interests were never the same and often conflict- 
ing, no pains have been taken to settle questions which did not concern 
the values of the ores obtained ; but, on the contrary, it has not unfre- 
quently happened that investigations of the exact positions and extent 
of the veins were opposed to the interests of one of the parties, which 
thus might be proved to be working somebody else's claim. 

To explain this state of things, it will be necessary to state that by a 
law of Colorado (see act concerning lode claims) it is provided that—- 

Sec. 5. Any person or persons engaged in working a tunnel witMn the provisions of 
this act shall be entitled to 250 feet each way from said tunnel, on each lode so dis- 
covered, provided, they do not interfere with any vested rights. K it shall appear that 
claims have been staked off and recorded prior to the record of said tunnel on the line 
thereof, so that the required number of feet cannot be taken near said tunnel, they 
may be taken upon any part thereof when the same may be found vacant, and persons 
working said tunnel shall have the right of way through all lodes which may lie in 
its course. 

Sec. 7. That when two crevices are discovered at a distance from each other, and 
known by different names, and it shall appear that the two are one and the same lode, 
the persons having recorded on the first discovered lode shall be the legal owners. 

Sec. 8. That to determine when the two lodes are one and the same, it shall be ne- 
cessary for the person claiming that the two are the same lode to sink shafts at no 
greater distance than fifty feet apart, and finding a arevice in each sliaft, and forming 
a continuous line of shafts from one lode to the other shall be conclusive evidence that 
the two are one and the same lode. 

It will be evident from this that when two parties are working on 
what is suspected of being one and the same claim, those who have 
recorded last will be in no hurry to settle the question for the sake of 
the statistics, and that as it costs time and money to sink shafts fifty 
feet apart to well-defined walls, over a distance of three hundred feet, 
(the legal extent of a discovery claim in each direction from the shaft,) 
it is not always that these comparatively recently opened lodes are 
thoroughly known. 

In my very restricted report of the mines of Colorado, such examples 
have been selected as present mining here in its best phase ; or rather, of 
the best mines in the regions I visited, such have been selected as I 
could personally ^isit and examine. Much of interest in the details of 
mining here has been necessarily omitted, but I hope that what informa- 
tion I have been enabled to obtain in the limited time at my disposal 
may not be without value, though submitted without attempt at arrange- 
ment, and in the form in which the notes were taken in the field. 

Many knotty questions have presented themselves to the miners and 
smelters, among which, perhaps, the knottiest is the dressing of the 
second-class ores and the proper form to which to bring the tailings 
before they are ready for the amalgamator or smelter. It is believed 
by many able miners, and the complaint is frequently made, that by the 
use of wet stamps and careless feeding, the mill-men waste unnecessa- 
rily a great deal of gold, and from this it is argued frequently, with less 
justice, that the use of wet stamps is pernicious and wasteful. This is 
going too far, though it is true that in the treatment of the ores around 
Central City and elsewhere, the greatest care and attention are abso- 
lutely necessary to prevent great needless loss. Less ore put through 
the mills, with correspondingly greater care in its treatment, would 
probably be the best remedy, and this plan would very likely produce 
the owners as much gold as tkey get at present, and leave them so 
much the more in the mine to work. 

In conclusion I would sum up the impressions I have received from 
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the tour as follows: That tlie valuable ores abound almost everywhere 
in the granite and^neiss of the Rocky Mountains, and the economic 
question is not to lind the material, but the capital and labor with 
which to work. That the country over which these investigations were 
made is replete with those minerals which by their decomposition are 
found by experience to most enrich the soil, as it is with the before-men- 
tioned minerals of commercial value. 

That the climate is healthful apd delightful, the country well sup- 
plied with water, which breaks from its rocky reservoir, with few excep- 
tions, at distances of from ten to fifteen miles, all alongthe base of the 
mountains ; the communication with the East and West is becoming daily 
more easy, and the savages of the plains and those whose headquarters 
used to be the gambling hells and drinking saloons are, well nigh ban- 
ished from this favored domain. 

That the land is being tilled and prepared to support the large popu- 
lation which must soon settle here, and everything smiles on that man 
who brings to the country intelligence and a pair of willing hands. 

What stands in the way of the countrjr^s progress are the greedy 
speculators who wish to use Colorado and New Mexico as mills for 
turning money into their pockets, regardless of the interests of the 
growing community. The system of grants, also, which gives to one 
man or one company a tract of country much larger than any one indi- 
vidual or small corporate body can possibly properly improve, cannot 
fail to exercise a baneful influence on the prosperity of such a country, 
by keeping back the tide of hardy and industrious settlers who would 
otherwise pre-empt and settle up the land. And wherever such a grant 
exists, a backward condition of the country may be expected. To a 
certain extent this disregard of the interests of these two sister Territories 
'may be observed in the manner in which certain mines have been worked. 
These mines have been hacked to pieces to produce ore, and the ore has 
been rushed through the mill to produce gold. Nothing seemed to have 
a claim to the consideration of such owners but the most rai)id method of 
realizing J in order that the shortest possible time might intervene before, 
their fortunes made, they could quit the Territory and enjoy them else- 
where. In this way, valuable mines have been ruined, and thousands of 
dollars of the Territory's gold thrown away. It were easier to detect this 
fault than to suggest the remedy ; but the remedy will present itself, when 
Colorado and New Mexico shall be filled with citizens determined to 
own and occupy them, and shall have slipped entirely from the grasp 
of those who wish merely to hire and use them. The observation above, in 
regard to the remedy for the present losses in dressing tailings, has been 
made by several persons, and it has been added that even a smaller 
profit from more thoroughly and carefully worked ore would in reality 
l)ay the owners better, give a more healthy tone to mining, advance it 
as an art, and spare millions of dollars in the end. While the adjust- 
ment of such complicated questions as these is one which must await 
the lapse of time and the course of events, it would be well for inter- 
ested parties to consider in what way to manage thefr lu-operty out here 
so as to assure^themselves against present possible loss, and of future 
increase in its Value. To do this without radiating prosperity on all 
around them, and building up the wealth and power of the country, is 
a problem which will tax their abilities to the utmost, however great 
those abilities may be. 



AGRICULTURE OF COLORADO. 



By Ctrus Thomas. 



Dear Sir : Having been directed by you, in addition to my other 
duties, to collect such information as I could in regard to the agricul- 
ture of those portions of Colorado and New Mexico through which your 
expedition should pass, I have the honor to report to you that I have per- 
formed this duty to the best of my ability and opportunities. And here- 
with I present a partial report of my investigations, being unable to pre- 
sent even a complete or full preliminary report, for want of statistics, 
which I cannot obtain in the field, where this is written ; and, also, be- 
cause I have not yet received answers to some of the most important in- 
quiries I have sent out to some of the best intbrmed citizens of these Terri- 
tories. I hope to be able, shortly, to present you a much fuller and more 
satisfactory report on this very important subject. I trust that even the 
imperfect and partial report herewith presented will be sufficient to fully 
justify the interest you have taken in the development of the agricultu- 
ral resources of the Great West. 

Although the chief object of your expedition may be to determine 
the geological features of these regions, and thus increase the store of 
scientific facts by which the great problems of nature may be solved, 
yet the economic value of these investigations will be shown in the in- 
creased impetus they give to the development of the agricultural and 
mineral resources of the country. 

Our line of travel having been along the eastern flank of the Eocky 
Mountain range, from north to south, my personal examinations have 
necessarily been confined to the margin of the arable lauds of these 
territories. And as we were constantly moving, seldom remaining at 
any one point more than a day or two, I have been compelled to rely 
upon the statements of residents for much of my information in regard 
to the climate, seasons, crops, &c., &c. But I have endeavored to con- 
sult the best sources of information. Two circumstances have very 
much favored my efforts : 

First The proper appreciation of your efforts in this direction by the 
citizens, and their willingness to furnish all the information and aid in 
their power to faxjilitate the matter. 

Second. The fact that the passage of your expedition through -the 
country happened to be made during harvest, and in one of the most 
favorable seasons, for agriculture, that has been exi)erienced in these 
Territories for many years. This enabled me to make a partial compari- 
son of the statements received from others, in regard to the yield and 
quality of the crops, with my own observations on these points, thus 
testing the accuracy of these statements. I am glad to inform you, that 
so far as I have been able to make this test, it has confirmed the reports 
which I have received from others, showing -them to be reliable. 
Trusting this may prove satisfactory, I remain yours, truly, 

CYRUS THOMAS. 

Dr. F. V. Hayden, 

United States Oeologist. 
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Situated between 37o and 41o of north latitude, and 102^ and 109o of 
west longitude, Colorado Territory extends east and west about three 
hundred and ninety *miles, and north and south about two hundred and 
seventy-five miles, forming a rectangle containing an area of 106,500 
square miles, or 68,144,000 acres. Beaching from near the middle of 
the great trans-Mississippi plain up the mountain slope, it laps over the 
summit of the great divide and rests its western border on the Colorado 
basin. And including, as it does, within its bounds the gTcat system of 
mountain parks, {jnd the sources of the four great rivers, the Rio Grande 
del Norte, the Rio Colorado, the Arkansas, and South Platte, it has 
been appropriately termed "The Gem of the Mountains." And, like 
"Switzerland in Europe, it may be said to be unique in its geographical 
features. 

Of the large area contained within its boundary lines, about four- 
sevenths are embraced in the true mountain region, whose snowy sum- 
mits form the watershed of the continent. The remainingthree-sevenths, 
situated, chiefly, east of 105^ of west longitude, and extending the whole, 
length of the Territory north and south, consist, in great part, of broad 
plains furrowed by shallow valleys, widening and fading away as they 
extend eastward ; and, with the exception of the parks and some valleys 
of the mountains, contain all the arable lands of the Territory. 

But since much of this latter portion, lying along the eastern bound- 
ary, is devoid of water, excepting the few streams which traverse it, 
the agricultural population has, as yet, been confined within a compara- 
tively narrow strip along the eastern slope of the mountains. 

In order to obtain a more correct and minute idea of the geographical 
position and extent of that portion of the Territory which is susceptible 
of cultivation, it will be necessary to consider it in separate districts. 
And we are not left, in this, to mark out arbitrary lines, for nature has 
fixed prominent lines and permanent boundaries to each. Water is the 
great desideratum in the agricultural development of this country, and 
the method of its distribution we shall find is the true key to the agri- 
cultural system of the Territory, and its turning sheds the boundaries of 
the districts. 

Beginning at the northern part, we find the South Platte River is the 
outlet for all the water of this section which flows towards the Atlantic. 
Moving up this stream from its point of exit, near the northeast corner 
of the Territory, it will be seen that after crossing the 104° of west 
longitude it branches rapidly into its numerous tributaries. The portion 
of country drained by these numerous minor streams is bounded on the 
west by the eastern slope of the Rocky Mountains, and on the south by 
a high, broken, irregular ridge called the Divide, which, starting from 
the base of the mountains opposite South Park, runs eastward until lost 
in the plains. This constitutes the northern agricultural division, which, 
for convenience, I shall name the Denver disfect. 

This Divide separates the waters of South Platte from those of the 
Arkansas, and forms the northern boundary of the second district, which 
is the area lying between it and the Raton Mountains. This division, 
which may be appropriately named the Arkansas district, is drained by 
the Arkansas and its tributaries. These two districts contain most of 
the tillable land of the Territory lying east of the mountains. 

I may as well remark here, that in my use of the terms ^^ tillable," 
" arable,'' " susceptible of cultivation," &c., I do not intend thereby to 
exclude the idea of the future possibility of cultivating other sections, 
but simply intend to express the fact, that those sections, so termed, are 
now sufficiently supplied with water for farming purposes. 
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The third district, which is the San Luis Park, belongs both to New 
Mexico and Colorado, and cannot be divided into parts corresponding 
with the arbitrary line of division between these tt^o Territories. 

The fourth division I shall marke is not a separate district, as each of 
the others, but includes the other parks and the small amount of arable 
land in the mountain valleys, which, on account of the proximity of some 
of them to the mining districts, become important, notwithstanding their 
small extent. This may be called the mountain district. 

It wiU be seen that each of these three natural districts has its great 
river by which it is drained ; the Denver district finding an outlet foi 
its waters through the South Platte ; the Arkansas district through the 
Arkansas Eiver; the San Luis Park through the Eio Grande. And a^ 
we descend to the examination of the more minute divisions of these 
larger districts, we must follow the natural arrangement of streams and 
vaUeys. 

THE DENVEE DISTEICT. 

This district is naturally divided into two sections; the first includ- 
ing the territory north of the South Platte and between it and the moun- 
tains ; the second, the territory between the Platte and the Divide. 

As the first section presents more definitely and sharply the peculiar 
features of this country which bear upon its agriculture than any other 
portion, I will give a somewhat minute description of it. 

The Platte, leaving the mountains some twenty miles southwest of 
Denver, after bearing out a short distance on the plains, runs northeast, 
slightly diverging from a parallel course with the east range of mountains, 
for a distance of about eighty miles, where it is joined by the Cache k la 
Poudre, and then turns eastward ; thus giving the section a triangular 
shape, with the north side of the Cache a la Poudre valley as its base, 
the mountains for one side, and the Platte the other. Its general sur- 
face is a broad plain sloping from the mountain flank eastward to the 
river level with valley furrows, and rounded, low ridges traversing it 
from west to east. 

The various streams which take their rise in the mountains east of 
the great Divide, between the waters of the Atlantic and Pacific, run 
nearly an eastern course until they unite with the Platte. 

The first debris, and all the heavier materials, brought down from the 
mountains since their upheaval, have, as a matter of course, been depos- 
ited near the base. Hence as we recede from the mountains toward the 
east, this local drift decreases in the size of its particles and depth of 
deposit. Over this is deposited the alluvial stratum forming the soil, 
which, close to the base of the mountain, but thinly covers the 
boulder drift, but increases in thickness eastward. The creeks rush- 
ing down more rapidly near the mountains, cut deeper furrows through 
this deposit near the base than at a distance from it. In consequence 
of this, the terraces or ridges, which lie between the streams, are highest 
above the water near the mountains, decreasing as they recede from it; 
that is, the distance between the water level.of a stream and the top of 
the terrace which flanks its valley is more, half a mile from the foot 
of the mountain than it is ten miles from the foot. This fact in other 
parts of our country might have very little bearing upon agxiculture, 
bat it is a consideration of vital importance to the Colorado farmer, who 
must irrigate his land or receive but little return for his labor; for when- 
ever this is the case it is evident that at some point, the water can be 
carried to the top of the bordering terrace. 
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The portion of country north of the Cache k la Poudre valley, although 
affording good pasturage for cattle and sheep^ is not generally included 
in the estimate of arable land, on account of its lack of inigating facili- 
ties. Yet the Box Elder Valley is quite fertile, and will afford room for 
a considerable number of good fkrms, and the creek, though small, is 
probably suflttcient to irrigate the red bottom of the valley. 

Commencing with the Cache ^ la Poudre, as the northern limit of the 
section, which is some seventy miles north of Denver, and proceeding 
south, I will describe briefly the valleys according to the streams which 
water them. This stream, from the point where it issues from the 
mountains, near Laporte, to its junction with the Platte, a distance of 
Uhirty-five miles, runs through a very pretty fertile valley, which aver^ 
ages, perhaps, two miles or more in width, being narrow near the moun- 
tains and expanding as it recedes from them. The bottom land of the 
valley is flanked on the north side by a rolling irregular ridge, and on 
the south side by a somewhat level terrace of moderate elevation. The 
stream, at Laporte, is about itwenty-five yards in width, clear and rapid, 
aftbrding a sufficient supply of water and ample descent for irrigating 
the bottoms and ridges or terraces which border it. 

The next stream, going south, is the Big Thompson, which runs east- 
ward nearly thirty mUes, and also empties into the South Platte. This 
stream, and the valley it waters, are very similar in all respects to that 
of Cache ^la Poudre. The third, is the Little Thompson, a tributary of- 
the Big Thompson, but, as this creek is liable to fail in its supply of 
water during the summer and autumn, it cannpt be relied upon for irri- 
gation. Yet its valley affords excellent pasturage for cattle and sheep, 
and will furnish a most excellent range for stock when the neighboring 
valleys become thickly settled and fenced up. -Still moving south, the 
next stream we cross is the St. Vrain, about equal in its volume of water 
to the Big Thompson. It runs through a very fertile valley of varied 
width, reaching the Platte at a distance of about twenty -five miles from 
where it leaves the mountains. The bay-like widenings of this valley 
afford room for extensive farms, of which the settlers are rapidly avail- 
ing themselves. Left Hand Creek, a tributary of St. Vrain, affords a 
small valley eleven miles in length. Boulder Creek, the next in order, 
issues from the mountains near Boulder City, and, after running some- 
what northeast for eighteen miles, unites with the St. Vrain. Some of 
the finest farming and grazing lands north of Denver are found along 
this stream. At its debouchure from the mountain gorge are gathered 
heavy deposits of boulders and pebbles, from which, doubtless, the 
creek and city have received their names. Although these deposits are 
but scantily covered with soil, yet the fertility seems to be but slightly 
impaired thereby, as is shown by the fact that here is a thriftj' growth 
of willow and cotton wood. 

The bottom of this valley, like that of St. Vrain, widens out at points 
to a considerable extent. Continuing our course southward with the 
snow-covered peaks rising above the rocky wall to our right, we next 
arrive at South Boulder Creek, which, leaving the mountains near Mar- 
shall's coal mine, runs a circuit of some eight miles and unites with 
Boulder Creek. Here, I may justly say, is found the link that unites 
the agriculture of the plains with the mining of the mountains, the two 
great interests of Colorado. . 

Standing on the grass-covered bluff overlooking this little limped 
stream, the eye, as it shoots out its glance north and east ov^er the 
plains, wearies itself in attempting to mark the boundary of vision. 
The valleys over which we have passed in our journey southward, 
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like dim lines, are traced across the broad meadowy expanse. Bounded 
ridges, level surface terraces, straight foothills, with green swarded 
escarpments and isolated buttes fill up the outline. Sinking into the 
bluff on which we have been standing, we pass alternating strata of 
coal and iron ore. Here they quietly rest, rich, thick, and abundant — 
the fuel and the metal. The one to convert the other into instruments 
to till the soil, to harvest the grain, to thresh and gamer it, to convert 
it into food, to make the highway of transportation, and carry it to the 
miners of the mountains and the snow-bound dwellers in the far north. 
Such a combination is seldom seen. And, though not directly embraced 
in the object of this report, yet I feel justified in alluding to it, for the 
reason that the opening and development of these mines are intimately 
connected with the agricultural development of the country. The ag- 
ricultural instruments now in use are brought from the States at an 
expense of transportation equal to their original cost. This need not be 
so ; Colorado has her coal, her iron, and, in part, her timber. It only 
needs to be developed and applied to that purpose for which nature has 
so bountifully provided it. 

Descending from our elevated position, and continuing our course 
southward, after passing some minor streams, we reach Coal Creek, also 
a tributary of Boulder Creek. But this is not an unfailing stream, and 
although some farms are found along its valley, yet it cannot be de- 
pended upon for irrigating purposes. Clear Creek, which passes within 
four miles of Denver, gives a valley of eighteen miles before it emi)tie8 
into the South Platte. It is already lined Avith weU cultivated farms and 
comfortable houses, from which the Denver market is in part supplied 
with grain, vegetables, and meat. Finally, in our course southward, we 
reach Bear Creek, the last of the series of these transverse streams, which, 
after a short run of nine or ten miles from the mountains, pours its 
waters into South Platte. A Bhort distance below this we arrive at the 
apex of the triangle before described, which contains, including the 
Platte Valley, about 800,000 acres of land. Of this amount about one- 
third is bottom land, the remainder forming the ridges and terraces 
which lie between the valleys. The greater portion of this entire tri- 
angular section is susceptible of cultivation, and the remainder well 
adapted to grazing purposes. The bottoms along these creeks vary 
from half a mile to four or five miles in width, giving, perhaps, an aver- 
age width of two or two and a half miles. Between these valleys are 
the more elevated portions, forming, sometimes, rounded ridges, at 
others, regular terraces or benches, or rolling, gradually descending 
prairies, but seldom rising into abrupt hills 5 the whole face of the 
country being richly carpeted with nutritious grasses. These ridges, 
which border the valleys, vary in their elevation above the water level 
of the creeks from a few feet, out on the plains, to forty and fifty feet 
near the base of the mountain, and, with few exceptions, are in reach 
of water suflBcient for irrigation. 

The valley of the South Platte is undoubtedly the most important, ex- 
tensive, and fertile strip of tillable land in the northern portion of the 
Territory. But the descent being less in this river than in the smaller 
streams we have been describing, ditching, for irrigation, is more expen- 
sive. Yet it is rapidly filling up with an enterprising farming popula- 
tion^ and is being brought under an intelligent and profitable system of 
cultivation. 
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SOUTHERN SECTIOI^ OF DENVER DISTRICT. 

Passing across the Platte, going south, we enter ui)on a section where 
a considerable change of scenery is at once apparent, and where the 
geographical arrangement is entirely different from that we saw north 
of the river. There we saw a regular succession of cool, limpid streams 
rushing down from the Rocky Mountain gorges, furrowing their way 
through the plains eastward to the Platte, the great central artery of 
the district. Here we find an irregular arrangement of long, slender 
streams, arising chiefly within the space of forty miles along the north- 
em slope of the Divide. Carrying their volumes of water down this 
descent, they enter upon the broad, comparatively level, and somewhat 
sandy plains, and receiving but few tributaries, they struggle against 
the rapid absorption of the porous soil, growing feebler and feebler, till 
finally, in the dry season, they are lost, without reaching the Platte. 
Plum Creek, which lies next the mountains, is perhaps the only exception. 
It follows, then, that the tillable part of this section is confined to the 
valleys along the upper portions of these streams. There is also a 
marked difference between the valleys of these streams and those north, 
in this: while the latter' in most cases have bottoms of greater or less 
width on both sides, which are flanked by terraces with graceful, grassy 
escarpments, the streams south, cutting througrh the deep sandy deposit, 
generally have on one or the other side steep, bluffy banks of crumbling 
sand, reaching the surface of the second bottom. And even the bottoms 
which do border these streams very often appear to be irregular flats, 
scoojicd out of the higher land which once pressed close on the central 
channel. But these flats, where they can receive sufficient water, are 
exceedingly rich and producti^'e, yielding some of the heaviest crops of 
the Territory. 

In regard to the various valleys of this section, and the extent to 
which they can be cultivated, I can at this time give but an approximate 
estimate. 

Beginning at the base of the mountains, and moving eastward along 
the northern slope of the Divide^the first stream we reach is Plum Creek, 
which has two branches. Bast JPlum Creek and West Plum Creek, the 
one flowing from the mountains, the other from the Divide. This has a 
run of some twenty-five miles before reaching the Platte. It furnishes 
water most of this distance, and has some fine bottom lands on it, a 
good part of which is already under cultivation or occupied. 

The next stream in our course eastward is Cherry Creek, which has 
quite a number of small affluents entering into it from the rounded hiUs 
on each side. From its source to its mouth is a distance of some forty- 
five or fifty miles, affording water for irrigation the greater part of its 
length, but drying up near its terminus at the city of Denver. This 
valley is. quite fertile, and tolerably well settled at the more attractive 
points. 

The other creeks succeed each other in the following order: Running 
Creek, Kiowa, Wolf, and Bijou 5 in regard to which I have received but 
little information. They generally dry up on the plains during the sum- 
mer and fall, affording water for irrigation from twenty to thirty miles 
from their sources. Their valleys are as yet but sparsely settled. On 
the immediate slope of the Divide, in the bottoms which flank these 
streams, irrigation is generally unnecessary, as a sufficient amount of 
rain falls to supply the crops with the necessary amount of moisture to 
mature them. 
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SOIL. 

• 

The soil throughout this district presents great uniformity in quality, 
as is clearly shown by the striking similarity of the plants of its differ- 
ent parts. It is chiefly a light loam, in which the silicious and micaceous 
ingredients predominate. Yet there is a considerable difference between 
the two sections in one respect : while in the northern the particles are 
coarse and sharp, in the southern they are fine and rounded, and the 
arenaceous portion bears a larger ratio to the whole. 

But to form a correct idea of this soil, especially in the northern sec- 
tion of the district, it must be remembered that the streams, in passing 
from the snow-clad crests of the vast range of mountains to the broad 
prairies of the plains, sweep over the upheaved margins of the entire 
geological series represented in this region. And as they rush down the 
mountain gorges, and along the rocky canons, they bear away with 
them the debris from all the strata they touch, from the primary granite 
to the most recent tertiary representative, mingling it together and scat- 
tering it over the plains they cross; not only the confined streams of 
the present era, but all the waters which have swept the mountain 
slope since it was lifted up by the vast subterranean force by which they 
were formed. The atmospheric currents driving to and fro the lighter 
and dry particles on the surface, have assisted in the mingling process. 
This combination of the various mineral elements gives to the soil an 
adaptability to a large variety of plants. The predominance of silicious 
matter renders it peculiarly adapted to the growth of wheat and oats, and 
the addition of decayed vegetable materials causes it to produce heavy 
crops of succulent and bulbous vegetables. 

It varies considerably in depth ; near the foot of the mountains, where 
the water traveled more rapidly, it has covered the boulders and gravels 
with a thin crust, while farther down on the plains it grows thicker as 
we recede from the mountains. Although the bottoms along the creeks 
contain a greater proportion of decayed vegetable matter than the ter- 
races and ridges, yet the latter are equally rich in the primary elements, 
and by a suflicient supply of water, will produce the cereals as heavily 
as the former. And, as on these terraces vegetation ripens some eight 
or ten days earlier than on the bottoms, they possess this advantage. 

In the southern section the case is somewhat different, the Divide 
being largely composed of loose conglomerate of well-worn particles ; 
when these are carried down by the more slowly running water, they 
become more finely comminuted and worn, forming heavier beds or sand 
nearer the base. In consequence of this fact the water sinks much 
sooner than in the northern section. This deeper d^osit of sand is 
often very apparent along the margins of the streams where they have 
cut away the banks. 

CLIMATE. 

This strip of country lying longitudinally north and south along the 
east flanks of the mountain, the temperature necessarily varies as the 
points recede from each other. And as we descend from the higher por- 
tions along the base of the moimtain to the valleys of the plains the 
isothermal lines bend considerably northward. But the average tem- 
perature of the northern section may be compared with that along the 
eastern slope of the AUeghenies, in Pennsylvania, with which it very 
nearly corresponds. The altitude varying from three to seven thousand 
feet above the level of the sea, and the line of perpetual snow not far 
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distant, the atmosphere is salubrious and remarkably free from mias- 
matic vapors and imi)urities. And as we proceed southward, although 
there is a gradual increase in the average warmth, yet it is partiaUy 
compensated by strong breezes which stir the air during the warmer 
season. In the summer the heat, it is true, is often somewhat intense, 
especially in the valleys where the air is partially confined. But on the 
higher grounds the breezes descending from the mountains render it 
more pleasant. The air rarifled on the plains rises, while another por- 
tion, cooled by the snows of the mountains, sweeps down the slopes and 
brings with it a refreshing coolness. 

Snow generally begins to fall in October, and ceases in April, or about 
the first of May, intiie latitude of Denver 5 but, as a matter of course, 
beginning later and ceasing earlier in the southern districts. 

Although it sometimes, though rarely, reaches a depth of twelve or 
fourteen inches, yet it passes off almost as rapidly as it comes, seldom 
remaining longer than twenty-four hours. Even in the valleys which 
];)enetrate the first range of mountains in the northern section, this is 
also the case. Some winters but little snow falls during the entire season. 
As conclusive evidence of this statement, cattle are herded out during 
the entire winter in alJ parts of the Territory, such a thing as prepara- 
tion for winter-feeding being almost wholly unknown. And yet in the 
spring they will come out in as good order as those of the States which 
have been housed and fed day by day. The Mexican horses or bronchos 
will also winter out during the season, like the cattle. 

The troublesome factor in the great problem of the development of 
the agricultural capacity of the vast western plains is the supply of 
water. Furnish this, and the fertile prairies and valleys east of the Mis- 
sissippi will soon find a strong rival contending with them in the grain 
marts of the world for precedence. Furnish this, and the " Great Amer- 
ican Desert^ of old geographers will soon become one mighty field of 
flowing grain. Furnish this, and the few other minor impeding factors 
will soon be eliminated. The streams rushing down from the mountains 
slacken their course on the level plains where the great,battle between 
moisture and aridity begins. Is there any power in the human grasp 
to assist nature in this struggle, and turn the scale in her favor f 

Before attempting to give a direct answer to this question, I will state 
some facts connected with this matter, and then advance a theory, 
which, if correct, is of great importance in developing the agricultural 
capacity of this country. 

When we reached the Cache k la Poudre, at Laporte, I heard it re- 
marked that this stream now, and for a few years past, has been sending 
down a larger volume of water than it formerly did. I thought little of 
the matter at the time and let it pass, simply noting the statement. 
But when I reached the next stream in our journey south, the same thing 
was repeated in regard to other streams in that section. And to confirm 
the statement certain streams were pointed out, which, up to about 1862, 
had been in the habit of drying up annually at certain points, which 
since that time at these points have been constantly running. This 
caused me afterwards, during the whole length of our journey along the 
eastern flanks of the mountains, to make this a special subject of inquiry. 

And somewhat to my surprise, I have found the same thing repeated 
at almost every point as far south as Las Vegas, in New Mexico, and no 
opposing testimony. Streams bearing down heavier volumes of water 
than formerly; others becoming constant runners which were formerly 
in the habit of drying up 5 springs bursting out at points where formerly 
ihere were none ^ acequias allowed to go to decay because they have 



GEOLOGICAL SURVEY OP THE TERRITORIES. 237 

not been needed, &c. Even the Arkansas, as late as 1862 and 1863, 
was dry, from Pawnee to the Cimarron crossing, bnt snch a thing has 
not been known since. Seven or eight years ago it was not uncommon 
for the Pecos to dry up, but now such a thing would be looked upon as 
a strange event. And, in building Denver, a mistake was made in rely- 
ing upon the dry bottom of Cherry Creek, which shortly afterwards 
* sent down a rush of water to warn them of her slumbering powers. Kor 
does this wholly exhaust the testimony on this point, for, in addition 
thereto, is the uniform assertion of those who have resided in the Terri- 
tory for ten or twelve years or more, that for six or seven years past 
there has been a gradual increase of rain. It is a common expression of 
the Mexicans and Indians that the Americans bring rain with them. 

All this, it seems to me, must lead to the conclusion that since the 
Territory has begun to be settled, towns and cities built up, farms culti- 
vated, mines opened, and roads made and traveled, there has been a 
gradual increase of moisture. Be the cause what it may, unless it is 
assumed that there isa cycle of years through which there is an increase, 
and that there will be a corresponding decrease, the fact must be ad- 
mitted upon this accumulated testimony. I therefore give it as my firm 
conviction that this increase is of a permanent nature, and not periodi- 
cal, and that it has commenced within eight years past, and that it is in 
some way connected with the settlement of the country 5 and that, as the 
population increases, the amount of moisture wiU increase. 

It may be objected that the population bears so small a proportion to 
the extent of the country, that it is unreasonable to suppose it could 
have any influence on the climatic conditions. I admit the force of the 
objection, but at the same time the facts stand out too boldly and clearly 
to be passed over, and the coincidence is so striking, that, until the pecu- 
liar conditions surrounding the matter have been carefully studied, the 
objection ought not to be pressed. That there are peculiar conditions 
connected with the section of country under consideration, cannot be 
denied. Hence to know the effect the introduction of an active popu- 
lation will hav^ upon the hygrometric conditions of this country, these 
peculiarities must be carefully studied. I believe that the great problem 
of settling the plains, if ever solved, must be done by commencing with 
the eastern slope of the Eocky Mountain range and gradually moving 
eastward. This is the plan which nature herself has pointed out. The 
perpetual snows of the great central axis are the sources of the various 
streams which rush down upon the margin of these plains, but chiefly 
sink in their effort to cross it. Let the population gather around the 
points where these burst from the mountains, and as it increases push- 
ing out on the plains eastward, and I believe the supply of water will 
accompany it. 

If this theory is correct it is worthy the attention not only of the 
scientist but of the citizens and authorities of the Territory, and also of 
the national government. A railroad line running along this eastern 
slope north and south would doubtless give an impetus to the settle- 
ment of this part of the Territory exceeding all that the lines crossing it 
at limited points (though necessary) can possibly do. It would set the 
great power in motion which, moving onward, would ultimately briug 
into use that vast body of land which by common consent has been con- 
signed to perpetual inutility. 

Such a theory may, and doubtless will by some, be considered chi- 
merical, but before it is condemned some effort to confirm or refute the 
testimony given ought to be made. And I volunteer the suggestion 
that it would be well for the government to make a small appropriation 
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with which the Commissioner of Agriculture could send out an agent to 
investigate this matter more thoroughly. Even should a more thorough 
examination overturn and reverse the testimony I have adduced, his 
labor need not be lost, as he could, while proceeding with this, gather a 
host of facts in regard to the agricultural capacity of our Territories, 
which would be of great value to the stream of emigrants pressing west- 
ward from the States. 

I am aware the present season has been an extraordinarily wet one 5 
but I have carefully endeavored to prevent its leading me astray, always 
extending my inquiries to a series of years, and calling attention to the 
unusual amount of rain this year, that it might not unduly warp the in- 
formation received. . 

The excess of rain during this season I find has been felt most sensi- 
bly north of South Platte and between the Eaton Mountains and Las 
Vegas. In the latter section there are some creek valleys where the 
rain last season was so excessive as to injure the crops, as, for instance, 
the Eayada. And the present year, crops in many valleys not furnish- 
ing water for irrigation have been and are maturing finely, as the 
beautiful one in which Fort Union is situated, which is as fresh and 
green as the banks of the Susquehanna. 

Hail-storms are of not unfrequent occurrence during the summer, and 
sometimes do considerable injury to the growing crops. I have irequently, 
during our passage through the country, noticed fields of corn torn into 
shreds. But, as a matter of course, these storms are always quite 
limited in their extent. 

POPULATION. 

Colorado is pre-eminently a mining country ; its mineral wealth having 
recently brought within its bounds most of its present population. 
Eagerly searching after the metallic riches which lie buried in its rugged 
mountains, but little attention has been paid to the cultivation of the 
soiL Therefore the data from which .to draw conclusions, in regard to 
the adaptation of its soil and climate to the growth oT any particular 
cereal or fruit, are very meager. Yet enough is known to show that, by 
proper cultivation, this Territory will produce as fine and as abundant 
crops of wheat and oats as the most favored section of the Union ; and 
that the western border of what was once designated "Th^ Great 
American Desert " will, at no very distant day, present its broad fields 
of golden grain. This is no wild fancy of the brain, but the inevitable 
result of the march of events now rapidly moving onward. That. the 
high anticipations of the most sanguine will be fully realized I do not 
claim, but the derogatory reports of disappointed fortune-seekers will, 
ere long, be disproved by a multitude of experiments. 

At this time not more than one-fifth or, as some contend, one-eight of 
the population of the Territory are actually engaged in agricultural pur- 
suits, the great portion being in some way connected with the mining 
interests or business arising out of them. But the one must draw the 
other — those who mine must eat — and the heavy expense of bringing 
food from the States is working out its own cure. The necessity for 
moving forward the agricultural interests of the country are being felt 
and acted on. A territorial fair has been in operation for a few years, 
and is exciting considerable interest among all classes of citizens. 
Even while I am writing this portion of my report the annual fair is in 
progress at Denver, which, I very much regret, 1 have been unable to 
attend, but I will endeavor to ascertain all of general interest connected 
therewith. 
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CEREALS. 

Of the cereals, wheat, oats, barley, and com, grow readQy and pro- 
duce very good crops, when properly cultivated and irrigated. 

Wheat grows well throughout the length of the Territory, north and 
south, and even as far south as Bernalillo, in Kew Mexico. So far as I 
have seen, and can ascertain, the following portions of these territories 
are the best wheat-producing sections, viz : the creek valleys north oi 
South Platte; the South Platte and Arkansas valleys in Colorado; and 
in New Mexico, the Moro and Taos valleys, and the south end of San 
Luis Park. Besides these, there are, as a matter of course, valleys which 
will produce as fine wheat as those named, but these are the most ex- 
tensive. The Platte Valley alone can supply, if made to yield all it is 
capable of yielding, the whole of Colorado with all the wheat necessary 
for her present population. And I am intbrmed by Colonel Charles 
McClure, of Santa F6, that the Taos Valley can be made to produce 
sufiicient wheat to 'Supply the entire demand of New Mexico. Until a 
better method of cultivation is introduced than the rude plan of the 
Mexican population, the capacity of the latter Territory will not be 
* known. But, as I design considering the agriculture of the other sec- 
tions of Colorado and New Mexico separately, I will confine myself to 
those portions of the former Territory now under consideration. 

With the exception of two or three fields, spring wheat is the only 
kind raised. But this is not so much because winter wheat fails as it 
is owing to the difficulty of preparing the ground in the fall for sowing 
winter wheat, the ground being so dry and hard that it cannot be 
plowed. And if an attempt is m^^de to soften it by irrigation, the ex- 
perimenter soon learns that while one portion of his ground is scarcely 
moistened below the surface, the other portion is a mass of soft mud. 
But at any point from Clear Creek south, where sufficient rain happens 
to fall at the right season to moisten the ground, winter wheat sown 
produces a fine yield, and, as a matter of course, ripens much earlier 
than the spring wheat. 

The usual time of sowing is March and AprU, though sometimes farm- 
ers, even as far north as the Platte Valley, succeed in getting their wheat 
in during the month of February, yet the greater portion is sown in 
ApriL Singular as it may appear, when we notice the difference in lati- 
tude between Cache ^ la Poudre and Santa Fe, yet it is a fact that the 
harvest season comes on later in the vicinity of Los Vegas, Sante Fd, 
Taos, and San Luis Park, than it does in the northern section of Colo- 
rado. During the present season, I see from my notes taken as we 
passed through the country, that wheat was cut in the vicinity of Den- 
ver between the 25th of July and 10th of August, and at Cache ^ la 
Poudre a few days later, while at Los Vegas harvest came on the 
latter part of August, and in the Tg-os Valley it was as late as the 18th 
of September, and in San Luis Park some wheat is yet standing, (Sep- 
tember 23,) although the frosts set in as early as the 12th of this month. 
I am unable, at present, fully to account for this, but suppose it is chiefly 
attributable to the cold winds from the surrounding mountains and the 
cold nights. The average harvest time, in the sections of Colorado under 
consideration, may be set down about the 10th of August. 

The amount grown per acre often reaches forty and fifty bushels, and 
there are some well-attested instances where the yield has been as much 
as seventy bushels. Mr. W. E. Thomas, associate editor of the Eocky 
Mountain News, who made, during the harvest of 1868, an extended 
examination of the crops in most of the valleys of eastern Colorado, es- 
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timates the average yield at twenty-eight bushels per acre. In this es- 
timate, the absolute return when measiTred is the criterion, no allowance 
being made for bad culture, losses, &c. From a careful examination of 
his figures, and his method of obtaining the data upon which they are 
founded, as well as from the personal inquiries I have made while pass- 
ing through the territory, I am satisfied he does not exceed the true 
average, but rather falls below it. Where proper care is given to this 
cereal, and it reaches maturity without serious damage from the destruc- 
tive grasshopper, or other agency, a yield of thirty-five bushels per acre 
may be expected. 

From his report for that year, which has already been forwarded to 
the Commissioner of Agriculture, in connection with a short report on 
the agriculture of the northern section of Colorado, it appears that the 
wheat returns from the various valleys of Eastern Colorado foot up (in- 
cluding estimates of the valleys omitted) nearly thirty-five thousand 
bushels. At an average of twenty-^ight bushels, this shows that about 
.twelve thousand five hundred acres were sown in wheat in 1868. K any 
statistics for 1869 are brought out by the present fair, I will try to ob- 
tain them in time to append them to this report. Most of this wheat, 
has been grown on the creek bottoms, yet I have no doubt but that the 
ridges, or uplands, within reach of irrigation, will yield as heavy crops 
as the bottoms, and, as shown by experience as well as theory, would 
ripen some eight or ten days earlier. 

All the varieties which have been tried ai)pear to grow well and to 
bring out their several peculiarities. But those chiefly sown are the 
Chile, Siberian, White Sonora, Blue Stem, Canada Club, and Egyptian or 
Seven-head. The White Sonora is most prized on account of the beau- 
tiful white flour it makes, and its heavy yield, though it does not weigh 
as much to the bushel as some other varieties. In Kew Mexico, the 
Mexicans have but two vaiieties, the "areno bianco^ or white wheat, 
and "areno nigra" or black wheat; the white wheat corresponding 
very nearly with the White Sonora. The measured bushel of Colorado 
wheat, if well cleaned, will weigh from sixty-two to sixty-four pounds as 
an average. But in comparing this wheat with that of the States, it 
must be remembered that the grain is perfectly dry, having been raised 
by irrigation, and as a matter of course having received no moisture on 
the ear. In this respect it corresponds with the California wheat, re- 
quiring to be moistened before grinding. Therefore a given balk or 
weight of this wheat will yield more flour than the same bulk or weight 
of wheat from the States. 

I think I am justified in saying that no part of the Union can pro- 
duce better flour than Eastern Colorado, in respect to its clear, pearly 
whiteness, richness in gluten, and ease with which it is converted into 
bread ; and, like the flour oi the Pacific Coast, it will doubtless bear 
transportation to any part of the world without damage from climatic 
influences. 

As the expedition happened to pass through the 'Territory during 
harvest, I had a very good opportunity of comparing the information I 
had received with the appearance of the wheat crop of the present year, 
from which I am satisfied the statements I have received are not exag- 
gerated. 

The wheat crop, so far as I have seen it, is very good, and I suppose 
will be one of the he^ndest ever known in the Territory, and this is also 
true of the part of New Mexico through which we passed. 

Although irrigation has some advantages, as that of removing fear of 
drought, yet it also has its disadvantages, one of which is, that it does 
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not cause wheat and oats to ripen evenly in the same field. I have fre- 
quently noticed fields of these cereals where some spots were fiilly ripe, 
while others were yet quite green. But as the grains do not appear to 
shell out as easily here as in the States, this does not cause the same 
difficulty here as it would there. » 

In order to give some idea of the time of harvesting wheat through- 
out the section over which the expedition passed^ I will give from my 
notes the condition of the crop at several points, with the dates at which 
we passed those points. 

July 2. Lapartej on Caehe h la Potidre. — ^Wheat in bloom. Harvesting 
generally takes place here about the 1st to 10th of August. 

July 7 to 15. Fisher^s Banchj on Clear Creek, four miUa from Denver, — 
Along the valley of this creek and that portion of Platte Valley in the 
vicinity, the farmers are cutting wheat, though the fields appear to be 
ripening very unevenly. Crops excellent in appearance. 

August 6. South hankofPlattej near the mouth of Plum Creek, — Harvest 
just ended ; standing shocks indicate a very heavy yield. 

August 8. On the north slope of tJie Divide near West Plum Creek. — 
Harvest nearly closed ; some wheat and oats yet standing. 

August 9 to 13. Colorado City. — ^The farmers in the vicinity of this 
place in the midst of the wheat and oat harvest, both these cereals ap- 
pearing to ripen simultaneously here. 

August 16. On the banks of Arkansas^ five miles south of Canon City. — 
Wheat harvest along the banks of this stream appears to have closed 
at least two weeks past, the weeds almost hiding the stubble. 

Au{iust 17. A few miles west of the Arkansas, Eiver^ behind the first high 
ridge.~^SsbW the farmers cutting wheat. 

August 21 to 23. Trinidad. — Wheat harvest in progress. 

August 24. Richard Wooton% on Baton Mountains. — ^Farmers cutting 
wheat. 

August 25. Bayada, New Mexico. — ^Wheat harvest is over, having closed 
about a week previous to our arrival. 

September 2 to 5. Las Vegas. — Wheat harvest in progress. 

September 17 and 18. Ta>os. — ^Wheat harvest in progress in this valley. 

S^tember 21. San Luis, on the Bio Culebra, Colorado. — ^Wheat not all 
cut. 

This record i)resents the strange fact that at the southern extremity 
of our route, the harvest season comes in later than at the north 
part of Colorado. But it should be borne in mind that this route was 
limited to a narrow line along the immediate base of the mountains ; a 
similai: record of a line further east might present a very different state 
of facts, but I have no data upon which to found a comparison. 

Oats are grown with ease, and yield abundantly wherever they have 
been tried in the Territory; in liact there is no part of the Union where 
heavier crops of oats can be produced than here. Instances are reported 
where as high as one hundred and twenty-five bushels have been raised 
to the acre, but these are extreme cases. I have ascertained quite a 
number of instances where the yield reached from forty-eight to fifty- 
five bushels ; and these not little garden patches which received extra 
care to report to fairs and societies, but crops taken from' extensive 
farms under ordinary culture : in one instance from an aggregate of 
7,000 bushels, in another 5,000 bushels, actual measurement. "Volun- 
teer'' crops will come up year after year from the seed scattered during 
the previous harvest. 

The statistics gathered by Mr. Thomas give an average of thirty-five 
bushels for 1868. The aggregate amount of this cereal raised in the 
16 H 
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Territory for that year exceeded that of wheat, but from my observa- 
tions I am inclined to the opinion that for 1869 the wheat crop will be 
the larger of the two. 

The soil and climate of Eastern Colorado seem to be well adapted to 
the growth of barley, which, so far as it has been tried, yields a bounti- 
ful retiun for the labor bestowed upon it. But the demand has not been 
sufficient to induce the farmers to grow it extensively. 

In regard to rye my information is defective, but from aU the infor- 
mation I could gather in regard to it, I do not think it yields as good 
crops as the other cereals named. I have seen but very few fields dur- 
ing the course of our journey this season, and even these presented an 
inferior appearance. 

I find, since I have made a more thorough examination of the com 
crops south of Platte Valley, that I was somewhat mistaken in the 
opinion I expressed in the report of the northern section of Colorado, 
forwarded through General J. A. Logan to the Commissioner of Agricul- 
ture. I there advanced the opinion that the statistics of the southern 
portion of the Territory would show a considerably larger yield than the 
northern section, but actual examination has shown me that the portion 
over which our expedition passed possesses few if any advantages as a 
corn-growing region, over the section north of the South Platte. From 
the Cache ^ la Poudre to Santa ¥6 I found, with very few exceptions, 
but one variety, the Mexican, presenting in the field a very great simi- 
larity. Although moderate crops can be produced in almost every tilla- 
ble portion of Eastern Colorado, yet I must admit that it falls far behind 
the Mississippi Valley as a corn-producing section. Mr. Thomas gives 
the average yield as twenty-five bushels, and, contrary to my first im- 
pression, I now think this estimate is very near correct The best fields 
I saw in the course of our journey were on the Arkansas, a short dis- 
tance below CafLon City, and near a little viUage a short distance north 
of Santa F6, named Santa Cruz. But even these I do not think would 
yield more than thirty or thirty-five bushels to the acre ; possibly they 
may reach forty as the extreme. I know it is contended by some that 
the valley of the Platte can produce as heavy crops as the States; but it 
this has ever been done, the instances are rare and cannot be relied upon 
in fixing a general average. And this corn is, when produced, of an infe- 
rior quality. 

I have no desire to underrate the agricultural capacity of the Terri- 
tory in the least particular, but must state my firm convictions reached 
under the most favorable circumstances. 

It may be that by careful experiments some varieties may be found 
which will prove adapted to the soil and climate, but I think there are 
climatic obstacles in the way of growing this cereal which cannot be 
overcome. But it should be remembered these remarks apply only to 
the sections lying along the eastern base of the Rocky Mountain Eange. 
In this part of the Territory and in San Luis Park the nights are very 
cold even in the warmest part of the season^ and this, doubtless, retards 
the growth. Besides this, the frosts set m early and prevent those 
varieties from maturing which require a greater length of time to com- 
plete their growth. 

But, as before intimated, there are some facts connected with the 
maturing of cereal crops in this country which cannot be satisfactorily 
explained until the climatology has been more thoroughly studied. Per- 
haps when the botany and topography have been more thoroughly worked 
up, it may aid in explaining these anomalies, for such they certainly 
are. 
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VEGETABLES AND FRUITS. 

Irish potatoes seem to be perfectly "at home" in Colorado, growing 
readily and abundantly, except in the extreme southern portion, and 
even here, until we pass the line into Kev Mexico, quite good crops are 
raised. Ifot only does this tuber grow well in tne valleys east of the 
mountain range, but even far up in the narrow defiles nine and ten 
thousand feet above the level of the sea, wherever space and soil can be 
found, they yield quite bountiful returns to the labor bestowed xipon 
them. The northern section, from Box Elder to the South Platte Valley, 
I think is decidedly the best potato region west of the Mississippi and 
east of California ; not only in regard to the amount of the crop raised, 
but also in respect to the quality of the tuber. 

The first new potatoes we met with large enough to eat were at South 
Boulder, July 6. Even at this early date in the season they were of quite 
good size, rich and mealy. Their rapid growth in very favorable spots 
sometimes causes a defect, which is also occasionally seen in the Westei*n 
States — ^a vacant space in the center, lined with a dark internal skin. 

Ko finer region for keeping this vegetable through the season can be 
found than Colorado ; its pure^ dry atmosphere renders it easy to keep 
them perfectly sound the entire year; so true is this, where proper 
care has been taken, that when cooked it is often impossible to distin- 
guish the old crop from the new. 

Some of the finest patches I saw growing were along the margin of 
Clear Creek, between Denver and Golden City, where the stream bursts 
its way through the lofty mesas which here flank the mountain range. 

Onions grow finely, except in the extreme northern part of the Terri- 
tory. The Mexican variety, which is found south of the Divide, grows 
to a very large size, one having been measured by Mrs Colonel Hart, at 
Fort Garland, whose circumference was seventeen and a half inches ; 
veiy often they are found weighing two and three pounds. 

As we approach Kew Mexico, going south, they have the finest and 
mildest flavor of any onions I have ever tasted, which seems to be pecu- 
liar to the climate and soil of this country, for when they are taken from 
here and planted in other sections, although they may grow well, they ap- 
pear to lose this peculiar flavor. I was informed at Las Vegas that both 
seed and onions had been .sent to the States, and that, in every case, such 
had been the result ; hence, it is supposed that this delicious flavor is 
peculiar to this country. 

Turnips and cabbages also grow quite well throughout the arable por- 
tion of the Territory, and especially in the northern section. Instances 
have frequently occurred where they have grown to almost fabulous size. 
^The former grows well and produces quite abundant crops even in the 
'little valleys far up in the mountains. 

Beans are raised in considerable quantities in the southern portion of 
the Territory, and are much used, ^ut they are subject to the attack 
of a small insect, probably a species of Haltica, which often does much 
injury to the crop. Although I did not have an opportunity of seeing 
this insect, yet I saw some garden patches in Santa ¥6 Which had been 
literally riddled by it. 

In regard to fruits, I am not able to speak positively, as sufficient time 
has not elapsed since attention has been turned to them to complete the 
experiments which are being made. But from all the indications attend- 
ing these experiments there is good reason to believe from Platte Valley 
south all the hardier, and perhaps other fimits, may be grown success- 
fully. Quite a number of orchards have been planted in Platte Valley 
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and the valley of Cherry Creek, on the north side of the Divide ; also, 
some in the valley of the Upper Arkansas. The chief trouble in the 
northern portion appears to be that the young trees are winter-killed. 
But, doubtless, this may be prevented by mulching, which does not ap- 
pear to have been properly attended to. On the Arkansas, a short dis- 
tance below Canon City, I saw a young orchard, on the farm of Mr. J. 
T. Smith, where the trees were growing finely. Among them I saw 
some peach trees which have commenced bearing this season, the fourth 
from the seed. The apple trees are growing findy, and so far, have had 
no protection during the winter. There are quite a number of varie- 
ties, all appearing to be doing equally well. The pear trees, also, are 
in excellent condition, but the dwarfs appear to be growing the same as 
the standards. 

Here I also saw watermelons, citrons, &c., growing to a good size. 

I was informed by Mr. Smith that he had ^ansplanted to his garden 
from the mountains the native currants, gooseberries, and raspberries. 
but that the experiment proved a failure, the bushes not growing well 
and bearing no fruit. These native varieties appear to be adapted only 
to the mountains. It is highly probable that if they were taken east 
and planted in the mountains the experiment would prove a success. 

The wild strawberries found in the mountains of this Territory, though 
small, have the most delicious flavor of any that I ever tasted ; they ripen 
about the latter part of July. 

GDimber for building, fencing and other purposes is a great desider- 
atum in many portions of the country. Yet considerable quantities of 
pine are found on the hills which occasionally traverse the plains, and 
on the foot-hills which flank the mountains. 

Further up in the mountains an abundance of this timber of a very 
good size and quality can be obtained to supply the present need. And 
as in these situations water-power is always close at hand, it can readily 
be converted into lumber by saw-mills at a comparatively moderate 
cost. Although there are some scrubby spexjies of oak found in the 
limits of the Territory, yet in the eastern part there is none of sufficient 
size to be of use for domestic purposes. In our journey southward the 
first oak I observed was during our ascent of the northern slope of the 
Divide. Along the larger creeks moderate quantities of cotton wood of 
medium size are found. Sometimes this is seen as much as two feet 
through, but as a general thing it is of rather small size. 

While Colorado possesses afl the iron ore and coal necessary for the 
purposes for which these may be used, and sufBcient soft timber to sup- 
ply the mountain districts and sections under consideration, yet there 
is an entire lack of the harder wood necessary in the manufacture of 
agricultural and other implements. This, unless it can be grown, must 
always be supplied from other sections. 

One advantage this Territory possesse sover many other portions of 
the Union is the facility with whi6h the most excellent roads can be 
made. The natural soil in the streets of Denver forms a better pave- 
ment to-day than any of the artificial pavements of the cities of the 
Eastern States. Being a coarse silicious sand or fine gravel it forms a 
road equal to the best macadamized. In some of the finer sandy bottoms 
in the creeks in the extreme southern section sometimes the roads 
become heavy. Even in the mountain districts I have been astonished 
at the easy ascent of the passes, through the most rugged-looking ridges. 
Along the Fnion Pacific railroad as far up as Cheyenne there are bat 
very few cuts and none of any considerable depth. And on the road 
from Denver back in the mountains to Georgetown there is but one 
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steep point, and even at this, by a little trouble and moderate outlay, 
a good road could be made with a very moderate grade. Along the 
eastern base of the mountains from Cheyenne to Santa ¥6 there is not 
a \ difficult point to pass, the road over the Divide and Eaton Moun- 
tains being no more difficult than ordinary hills in the Eastern States. 
The road from Santa Fe to th§ San Luis Valley or Park is very rough 
and difficult for wagons, and the same is true of the north side of the Pon- 
cho Pass, but with theflse two exceptions the roads to and from, as well 
as through the San Luis and South Parks, are very good and easily 
traveled with wagons. And for the benefit of those who desire to travel 
over any of these routes and camp t may remark that water is to be 
found at suitable points throughout the entire length of the Territory. 
At a few points, where the ro^ recedes frqm the mountains, difficulty 
may be experienced in obtaining wood, but such places are few, and proper 
precaution during the day's travel to secure a supply will prevent all 
difficulty. 

IRRIGATION. 

With a very few exceptions irrigation is necessary throughout Colorado 
and Kew Mexico. There are some points on the slopes of the Divide 
and in the mountain districts where the moisture afforded by rains is 
sufficient to supply the crops ; and, as I have heretofore remarked, for 
the past two years, at some other points irrigation has been unnecessary, 
but, as a rule, it is necessary throughout Colorado, and in making up 
estimates of the expense of farming in this Territory this item should 
always be counted. 

This necessity is generally classed among the drawbacks to the 
agriculture of these territories, but there is some doubt as to the 
correctness of this conclusion, for, when we tak^ into consideration the 
fact that where rain is depended upon there are frequently great losses 
incurred because of dry seasons, the question arises, " Is the loss by 
drought greater or less than the cost of irrigation P The decision of 
this question must decide the.point as to whether irrigation is really a 
drawback or not. That it is inconvenient and imposes a hardship upon 
the farmer of limited means, at the opening or settling of his farm, is 
true. But when his primary ditch is completed, if properly made, he 
may feel himself forever secure from loss through drought. 

As heretofore stated, the streams of eastern ColorsSo, north of the 
South Platte, which run from the mountains into the latter stream, have 
a rapid fall, varying from ten to fifty feet to the mile. Consequently it 
is easy to turn the water into acequias or ditches, and requires but a 
short run to carry it to any moderate height. 

And as the terraces of this section which flank the creek bottoms 
seldom rise higher than fifty feet above the creek level, generally twenty- 
five to thirty, they can be irrigated by acequias of moderate length; in 
fact, I am Satisfied that there is but a small quantity of land between 
Cache a la Poudre and South Platte which cannot be irrigated. And 
when these terraces have been irrigated and cultivated for a few years 
I feel confident that the soil on them will prove as productive as that of 
the bottoms. 

I understand that the rule for the fall in these irrigating ditches is 
one-fourth of an inch to the rod, and that this carries the water over 
the soil with sufficient rapidity to prevent its being absorbed. 

After crossing the Platte southward to the Divide and along the 
Platte valley, ditching is much more expensive than in the northern 
section, as the streams have much less fall, and the soil ^3J;^%'5>rt\^"^ ^nSsss^ 
water more rapidly. 
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Between the Divide and the Baton Mountains along the valleys of the 
Arkansas and its branches, the lands can be irrigated with moderate 
cost, though the streams are not so rapid as those in the northern 
section. In this part of the Territory, as well as Immediately north of 
the Divide, the land between the streams does not assume such regular 
terrace forms as those north of the Platte. 

Ditching at present is generally done by plowing and throwing out 
the dirt, except where very large ones are recjuired. The process is 
also often facilitated by usinga scraper. But doubtless ditchingmachines 
will soon be introduced. 

The largest acequia I know of in Colorado is near Denver, on the 
south side of Platte Eiver. It is several miles in length, and cost 
about $14,000, and irrigate^ quite a number of farms. 

The cost, when estimated by the number of acres irrigated, is much 
lessened by several farmers uniting and making one large ditch suffi- 
cient to supply the farms of all entering into the combination. The 
smaller side ditchtes, which lead off to the various fields, are made with 
the plow, and hence the cost of these is but nominal. . 

There appears to have been but little improvement made in this part 
of agriculture for centuries past; and, in fact, it is susceptible of but 
little improvement. In my more extended report, which I expect to 
prepare during the winter, I propose to take up this subject of irriga- 
tion more fully, as it seems to hang somewhat as an incubus over west- 
em agriculture, at least in the minds of those living in sections sup- 
plied with rain. Yet when it is considered in that broad view corre- 
sponding to the vast extent of our country, it will be seen that it is one 
item in the series of variety necessary to the complete prosperity of 
the nation — one link in the grand chain necessary to render us inde- 
pendent as a nation. 

One advantage of irrigation, which will occur to the mind of any 
one, is that the crop can be watered whenever it is needed. But at the 
same tim6 irrigation has some disadvantages which are not apparent 
until shown by experience. One of the^ is that the crops do not re- 
ceive exactly equal portions of water throughout the same field, and, 
consequently, do not ripen evenly. I have seen fields of wheat and 
oats presenting every variety of condition in the same field, from quite 
green to very ripe. Every farmer will at once perceive the difficulty 
arising from such a condition as this. It might be supposed that when 
the fields have been overflowed for some days with water, the land, after 
the water was drawn off, would assume that condition termed " baked ;^ 
but nature generally furnishes a counterpoise to all her apparent aber- 
ration; arid, following this rule, she has here suited the soU to the cli- 
matic conditions, and hence this anticipated state does not foUow irri- 
gation. 

I made an effort to ascertain what the average cost of ditching is to 
the acre, but found it next to an impossibility to do this. The difference 
in the nature of the ground at different points^ the uncertainty in regard 
to the price of labor, the difference in the sizes of the ditches, would 
render an average, if it could be obtained, worthless. 

DBAVfBACKS. 

As the want of water has already been somewhat fully considered, I 
will omit it here. 

The scarcity of timber for building, fiiel, fencing, and other purposes, 
may very properly be classed as one of the drawbacks in this Terri- 
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tory — one which very soon strikes the traveler passing through the 
eastern section. And this applies to all the sections into which I have 
divided the country, except the mountain district. 

The amount of cottonwood and box elder found along the banks of 
the streams is quite small, consisting generally of very narrow Mnges 
along the immediate borders of these streams. This is inferior timber 
at best, and can afford a supply but for a short time, even when we 
take into consideration the fact that many of the houses are built of 
adobes. The mountains are generally clothed with a growth of pines, 
but these are often of a very inferior character, especially along the east- 
em slope nearest the arable lands. But as we penetrate further into the 
mountains, these are of a better quality, and saw-mills are being erected 
in the interior of the mountain districts which at present are furnishing 
a supply of lumber at comparatively moderate prices, as water-power is 
easily obtained along the little cyeeks. But even here, notwithstanding 
the repeated assertions to the contrary, I do not think the supply inex- 
haustible. The rapid increase of the mining operations and population 
in the mining sections, which are in the heart of the pine regions, is 
rapidly consuming, for building purposes, fuel, &c., the pines around 
these points. And the numerous fires which occur here, and sweep up 
the mountain side with a wild fury, like that of a burning prairie, are 
destroying vast quantities of this timber. Even now we can scarcely 
travel a single mile along the mountain canons where we do not see the 
slopes on either side marked by broad strips of burnt timber, which 
appear as somber spots on the otherwise beautiful sceneiy. 

I have no doubt but that this view will be controverted; yet when we 
look at the broad expanse of untimbered lands which sweeps out east- 
ward from the mountain base, and compare it with the timbered strip > 
in reach, it is scarcely possible to arrive at any other conclusion. But,, 
as 1 am now pressed for time, I will reserve the discussion of this sub- 
ject for the more extended report I desire to present on the agriculture 
of Colorado and New Mexico. Even now, sawed lumber has frequently 
to be hauled for seveniy-five to one hundred miles, and even further; 
but the building of railroads will greatly reduce the expense of trans- 
portation. 

I bring this matter forward thus prominently m order, if possible, tO) 
impress upon the farmers and citizens of this Territory the great neces- 
sity of .commencing, at an early day the work of planting &ees. It is 
certainly one of deep interest to them, and every effort should be made 
to induce not only farmers, but all who have lands and lots, to com- 
mence this important work. I am sorry to say that throughout our 
journey I saw but few houses surrounded by growing trees. * 

In regard to the supply of fuel, the difl&culty of supplying this wan^ ^ 
will doubtless be met when the various coal mines are opened, and 
railroads traverse the country. But the supply of fencing material, at 
a reasonable rate, is not so easily met. To avoid expense on the larger 
farms, that portion intended for cultivation is generally inclosed under 
one fence, and corrals are made for the stock which is in use. And I 
have noticed some cases where two or three small farmers have combined 
and inclosed their farms under one fence. Around Denver wire fences 
are being introduced, and will probably prove cheaper than any other.: 
kind, unless hedges can be made. If this latter kind can be made,.! 
think they will prove the best that can be adopted, not only for the 
same reasons urged in their favor in the prairie States, but also because 
they will assist in increasing the amount of moisture, and in drawuig^ 
birds, thereby tending to decrea^se the grasshopper pest* 
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Another serious drawback to the agriculture of Colorado, as well as 
other portions of the great trans-Mississippi plains, is the destruction of 
crops by the migrating grasshoppers. During some years, in difierent local- 
ities, these insects have proved very destructive, sometimes sweeping away 
in a few days the result of the hard labor of the farmer during an entire 
season. Yet I find, after a somewhat thorough examination, that in this 
Territory although occasionally very injurious, yet they ai-e by no means 
so destructive as has been represented. And, as has been the case this 
season, the papers of this western country often imprudently spread false 
alarms. This arises from a neglect to distinguish the larvae, of the migra- 
tory species from those that are merely local. I am satisfied that there 
is butone migratory species — the Caloptenus spretws. — ^which appears here 
in any considerable numbers. The Oedipoda corallpes (Hald.) is foimd 
at certain points in limited numbers, but I do not think it ever proves 
destructive east of the mountains. 

I have noticed during our trip the former species at various points as 
follows: 

On our arrival at St. Joseph, Missouri, June 17, we found them very 
abundant in the complete state, so much so that the lower parts of the 
walls of the hotel at which we stopped were literally covered black with 
them, and the hogs, which seemed to have learned the art of catching 
them, were enjoying a rich feast. I understood they had been moving 
for something over a week previous to the date of our arrival. 

At Omaha, Nebraska, the 18th of the same month, I saw none of them. 
It is true I did not go out of the city to examine, yet I think if they had 
been present in any considerable numbers I should have seen them. 

During our stay at Cheyenne, (from 21st to 28th June) I noticed them 
in considerable numbers, ibut in the larva state and scarcely half grown. 

At Box Elder Creek, and Laporte, on the Cache a la Poudre, I saw none, 
although I made diligent search for them; but when we arrived at Big 
Thompson, two days after, (July 3,) I found them quite abundant in the 
perfect state. From here to Clear Creek, Denver, but few were seen. At 
the latter place (July 7 to 14) I observed them in moderate numbers, just 
entering the peri'ect state, but the local species were rather numerous, both 
in individuals and species. From here we passed westward into the Mid- 
dle Park (from July 15to27) and all alongthemountain valleys, after enter- 
ing the first range, and in the park we found them in abundance in the 
perfect state, often rising, when the wind was prevailing, in large swarms 
and floating before the wind like huge flakes of snow. I traced them even 
up into the very midst of the eternal snows, gathering specimens from 
the cold surface; and, strange as it may seem, even above the snow, on 
the naked ^mmits of the peaks, I saw the larvse of this species hopping 
about almost as lively as those on the plains. 

After crossing the South Platte, going south, although individuals 
were occasionally seen, yet at no place during the remainder of the 
journey were they seen in abundance. 

One conclusion to be drawn from the foregoing facts is that, even 
within the limits of the eastern portion of the Territory, there are 
distinct local broods; for while they were abundant and active, in the 
perfect state, at Big Thompson, July 3, yet, on Clear Creek, about a week 
later, they were undergoing their last moulting, and between these 
points scarcely any were found. 

Another important conclusion which I think we may draw from 

these facts is, that the mountain caiions and valleys are the primary 

hives from which these vandal hordes issue upon their destructive mis- 

^'oD — important because it renders the problem of counteracting them 
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more diflScult of solution. In many other sections where this pest was 
met at the introduction of population, the opening of farms, and bringing 
the soil under cultivation, &c., has gradually brought the destructive 
species down to their normal condition. But here, as these mountain 
canons and slopes cannot be brought under cultivation, this counter- 
acting influence can never be brought to bear upon them. Yet, even in 
this case, nature has not left this evil wholly without a counterbalancing 
opposite. While she has made the mountain valleys and sides the hive 
from which her destroyers swarm, she has hid within the bowels of these 
lofty ranges rich mines of gold and silver, to attract thither an active 
and energetic population. Through these the homes of this insect wifl 
be disturbed, and the primitive broods gradually destroyed. Hence 
while the mountains send down the evil, they contain the remedy. And 
like the little wave made by the pebble dropped in the lake, which swells 
in proportion as it recedes until it dashes against the shore, so* it is with 
each counteracting effect within these mountain sections; it will be felt 
in increasing proportion along the whole line of their migration. 

1 have been unable to ascertain with any degree of certainty the dis- 
tance they move in one season. I am aware calculations have been 
made on this point from data obtained on the eastern side of the plains; 
TV hat reliance is to be placed upon these I do not know. 

STOCK BAISmG. 

I cannot at this time enter upon the consideration of this very impor- 
tant branch of agriculture, for the reason that I have not asyet obtained 
all the data necessary, and also, because I prefer to defer it until I pre- 
sent a report on the agriculture of New Mexico. 

But I may now state generally that these Territories possess as fine 
grazing lands as any to be found in the west. And although much stock 
is raised here, yet the amount falls far behind what it should. Many 
who are rushing back and forth from point to point along the Eocky 
Mountain range, seeking for rich lodes, would probably find much more 
gold if they would turn their attention to stock-raising. Not only do 
the plains afford good pasturage, but grass of most excellent quality 
clothes many, of the mountain slopes, and carpets the lofty mesa surfaces 
and elevated mountain valleys. On the top of the Divide, there is one 
of the most beautiful little grassy plains I ever saw, where a large herd 
of cattle or sheep could find rich pasturage. 

The finest butter and milk I ever tasted was obtained in South Park, 
So delicious was the milk that the members of our party could scarcely 
satisfy themselves with it. • 

There are abundant openings for industrious and energetic stocks 
raisers to make money following their occupation in this country. And 
for the benefit of such as feel an interest in this matter, I herewith give 
a synopsis of the laws of Colorado, respecting non-resident stock-owners, 
Eevised Statutes of Colorado, chapter 70. 

Section 1. Non-residents may herd stock in this Territory for one year 
by payment of fifty cents for each animal so herded, in lieu of all other 
taxes ; on sheep, twenty cents. 

Section 2. Non-residents desiring to herd cattle in the Territory, must 
file with the recorder of the county a certificate of the number and 
description of such cattle in the following form : 

Territory of Colorado, County^ 88 : 

" The* undersigned, owner (or agent of tJie owner ^ 08 the cme matj h^ J ^ 
11a s 
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the following described animals, proposes to keep and herd the same for 
grazing purposes within the county aforesaid, to wit: (describing the 
number of animals of each Tcind^ respectively^ with brands^ if any, J from the 
day of , A. D. 18 — , until the day of , A. D. 

18—.'' 

Section 5 prescribes the penalty for herding without filing such certifi- 
cate; which is two dollars for each head of stock, except sheep, and one 
dollar for each sheep. 

Section 9. !N^on-residents driving stock from one county to another not 
to incur an additional tax. 

* Section 10 forbids the importation of Texas cattle. 

These are the principal sections which relate to the herding of stock 
in the Territoiy. 

Tbe following is a synopsis of the laws of the Territory relating to 
irrigation. Eevised Statutes, chapter 45. 

Section 1. Claim owners on the bank^ margin, or neighborhood of 
any stream, entitled to use the water for irrigation. - 

Section 2. The right of way through claims of adjoining owners for the 
purpose of conveying water allowed. 

Section 3. Extent of the rigbt of way extends only to diteh, dike, or 
cutting, suflicient for the purpose required. 

Section 4. Where the water is not sufficient to supply all, the probate 
judge to appoint commissioners to apportion it. 

Section 5. If the right of way is refused by owner of lands through 
which the ditch runs, it may be condemned. 

Section 6. Persons in the neighborhood of a stream may erect wheel or 
other machine for raising water ; right of way therefor may be obtained. 

Section 7. Diteh owners required to preserve the banks of their ditehes 
so as not to flood or injure others. 

GENERAL REMARKS. 

Although unable to attend the territorial fair held at Denver this 
year, September 22 to 26, yet, since my return, I learn that it was well 
attended, and that the show of stock, farm products, and minerals was 
the largest ever presented at any fair held in the Territory, und the 
interest taken greater than any previous season. I cannot attempt to 
give a list of articles and premiums, but may be excused for stating that 
the iDremium on turnips was awarded to W. H. Berry, esq., of Fairplay. 
I mention this because these were raised on the higher part of the sur- 
face of South Park, some ten thousand feet above the level of the sea, 
almost at the margin of eternal snows. I have procured specimens of 
these, which are very large, though inferior to those that received the 
premium. 

The crop of 1869 is larger than that of any preceding year, and is esti- 
mated at the following figures : ^heat, 675,000 bushels ; corn, 600,000 
bushels; oats and barley, (nine-tenths oats,) 550,000 bushels; potatoes 
and other vegetables, 350,000 bushels. Which, with the hay and dairy 
product, will have a market value of not less than three and one-half 
millions of dollars. 

In conclusion, we may confidently assert that Colorado, at no very dis- 
tant day, is destined to be one of the chief agricultural sections in the 
Eocky Mountain regions, yea, we may say the most important. The 
• V 

* This section is by no means strictly observed or iuforced. 
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mining regions affording a home market, it possesses a completeness 
within itself not found ih any other section of the Union, while "New 
Mexico will be the great central finiit and wine region. 

I have on hand a large amount of notes and items in regard to the 
agriculture of the other sections of Colorado and also of New Me:aco, 
which I hope to present at an early day. 
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